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CHAPTER I. INTRODUCTION 
Mankind is dependent upon the thin envelope of topsoil that covers 
much of the earth. In the United States, Its thickness ranges from one 
inch on the Rocky Mountain slopes to two feet in the Com Belt. It is 
in this horizon that the crop roots absorb vital water and that soil 
organisms abound (Owen, 1980). 
It took man until 1830 to assemble the first billion people; then, 
it required only 100 more years to add the second billion and 30 years 
after that to add the third billion. The next billion arrived in only 
15 years (Brink, Densmore, and Hill, 1977). Thus, man has increased in 
numbers since the beginning. Initially hunters and gatherers, they 
relied on.the wilds for their food. At the beginning of the industrial 
revolution, a transformation began in the means and mode of supplying 
food. Before the mechanical age, man was supplying food for his family 
and perhaps one or two others. As technology grew, man started supply­
ing more and more individuals until in the 1970s each farmer was meet­
ing 50 Individuals' food demands. 
Presently, agriculture, with well over $790 billion in assets, is 
the nation's biggest Industry (Office of Governmental and Public Affairs, 
1979). In 1977, this industry consisted of approximately 2.7 million 
farms with 1 million of these selling less than $2,500 in farm products. 
These same 2.7 million farms plant 363 million acres in crops, have 
another 84 million acres in pasture (not including rangeland), and leave 
20 million acres idle. In addition to supplying food and fiber for this 
nation's population, a large quantity is exported to other nations. 
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The environmental inq)acts caused by this expansion in population 
growth and economic development are major concerns of today's society. 
Increasing population necessitates increased and intensified production. 
As the world's standard of living increases, spurred by economic develop­
ment, demands for agricultural commodities increase. These increases 
in demand result in expansion of agricultural production. This expan­
sion requires changes in means of production, technology advancement, 
and increased education, all of which may result in changes in the 
environment. It is an aspect of these changes that is examined in this 
dissertation. More specifically, this study analyzes impacts that occur 
to the agricultural sector when attempts are made to control soil ero­
sion. 
Impact of Sheet and Rill Erosion on Agricultural Lands 
There has been a growing concern over soil erosion in recent years. 
Farmers, government officials, agronomists, agricultural economists, 
and the general public have become concerned with growing rates and the 
extent of soil loss under the "all out" production of recent years. 
J. H. Stailings (1950) wrote that the erosion process is presently recog­
nized as the most widespread and destructive agent involved in rapidly 
depleting the fertility and productive capacity of this nation's cropped 
lands. 
The 1967 Conservation Needs Inventory (CNI) (1971) estimated that 
of the nation's cropland, 92 percent of the inventoried land has some 
major conservation problem and 64 percent needs practices to control 
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soil erosion. Other estimates on soil erosion impacts include Stall 
(1972), Diderikson and Grunewald (1974), and Wadleigh (1968). Stall 
estimates that soil erosion is a dominant problem on 36 percent of the 
private cropland. Diderikson and Grunewald put this estimate at 50 
percent of the total land mass in the United States, while Wadleigh 
Indicates that water erosion is a predominant problem on 179 million 
acres and a secondary concern on an additional 50 million acres. While 
these estimates differ, they indicate that erosion is a primary factor 
involved in conserving the nation's cropland. 
The most visible inqiact of erosion is the physical movement of 
soil particles. Water erosion effects normally fall in three catego- • 
ries — gully, sheet, and rill. Sheet erosion refers to the eroding 
away of a uniform layer of soil. Rill erosion occurs when small but 
still tillable gullies result from erosion and when gully erosion occurs, 
the land cannot be tilled. 
Soil erosion cannot be entirely arrested economically or even 
physically. Hence, soil scientists estimate the amounts of soil loss 
that is tolerable. The soil's tolerance value (T) is defined as the 
amount of soil that can be lost and still maintain the original produc­
tivity over a long period of time (Council for Agricultural Science and 
Technology, 1975). These values vary with soil and climatic conditions— 
0.5 tons to 6 tons per acre. The 0.5 ton limit might apply to a shallow 
soil located on bedrock with the 6 ton limit applying to soil having 
^Gully erosion is beyond the scope of this dissertation. 
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characteristics of permeable and unconsolidated material (Smith and 
Stamey, 1965). 
Regional soil loss estimates for 1977 are presented in Figure 1. 
These estimates, developed by the Soil Conservation Service (1977), show 
that the Middle Atlantic, South Atlantic Gulf, Ohio, Tennessee, and 
Lower Mississippi river basins have a per acre soil loss of greater 
than 10 tons with a high of 22 tons per acre in the Lower Mississippi. 
Estimates of national annual soil loss have been calculated only 
recently and range from 5 billion tons in 1976 (Willis and Evans, 
1977) to 3 billion tons in 1975 (Soil Conservation Service, 1977). 
With an estimated upper limit of 1.5 billion tons before decreases in 
productivity potential occurs, it is apparent from both these estimates 
that soil mining or degradation is taking place. 
In a more recent national study, the average annual per acre soil 
loss is estimated at 4.66 tons (Inventory and Monitoring Division, 1980) 
with 30 to 35 percent of the soils eroding at a rate greater than 5 
tons per acre per year. The Resource Conservation Act Coordinating 
Committee (1980a) estimates that 97 million acres, or 23 percent of 
the cropland, annually loses 5 tons of soil. Examination of Figure 2 
Indicates that the land cropped in the Com Belt and Southeastern 
States erodes at a rate generally exceeding five tons per acre per year. 
National soil loss averages do not indicate the variability present. 
Consider, as a whimsical example, a man who could not swim. He confi­
dently thought that he would be able to walk across a stream with an 
average depth of three feet, but drowned in six feet of water. His 
0 - 5  t o n s / a c r e  
5 - 1 0  t o n s / a c r e  
lOf tons/acre 
Figure 1. Erosion situation by Water Resource Regions 
SOURCE: Soil Conservation Service, 1977. 
Figure 2. Sheet and rill erosion on cropland by state 
SOURCE: Inventory and Monitoring Division, 1980. 
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information was accurate; however, improper use of the data led to 
serious consequences. For a more serious exaiq>le, soil loss for the 
state of Washington is estimated to be 2.23 tons per acre annually 
(Inventory and Monitoring Division, 1980). This small amount of soil 
loss would not appear to warrant concern. However, the Palouse region of 
Washington is known to lose more than 100 tons per acre at times. 
Nutrient loss 
Soil loss is closely accompanied by nutrient and organic matter 
loss. Several sources show that organic matter, nitrogen, potassium, 
phosphorous and lime particles are most susceptible to erosion and 
are selectively eroded away (Barrows and Kilmer, 1963; Neal, 1944; 
Massey and Johnson, 1952; and Frink, 1971). This is primarily due to 
the low density and high concentration characteristics of these com­
ponents. Loehr (1974, p. 1852), found the "eroded material may have 
three to five times as much organic matter as the original soil." 
Under normal field conditions, phosphorus, unless incorporated, is 
quite immobile and this is found in relatively large amounts in the 
soil's upper inches (Frink, 1971 and Barrows and Kilmer, 1963). Because 
of this, phosphorus addition to waterways, a major concern in the eutro-
phication process, is almost entirely a result of the topsoil's physical 
removal (Stanford, et al., 1970). 
Nitrogen is found both as highly soluble nitrates and organic forms 
directly associated with organic matter (Barrows and Kilmer, 1963 and Stan­
ford, et al., 1970). Much of the nitrogen found in waterways results from 
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percolation through the soil profile in a soluble form. For this reason, 
nitrogen loss Is not totally amenable to control through soil conserva­
tion methods (Frink, 1971). 
A major nutrient that is removed by erosion in fairly large amounts 
is potassium. This loss is not crucial to plants in the short run, as 
90 to 98 percent of all potassium found in the soil profile is in a 
fixed or unavailable form (Barrows and Kilmer, 1963). 
The trend in U.S. agriculture is to apply increasing amounts of 
fertilizer to the crops; thus, providing the major element for optimal 
crop growth. Concern has increased as to what impacts result from 
fertilizer runoff into waterways. Viets (1971) stated that circumstan­
tial evidence indicates that some connection between water quality 
deterioration and increased fertilizer use ought to exist, but it is 
extremely difficult to develop some positive evidence. Smith (1967), 
in a study on crop fertilizer use, found that the amount of chemical 
nitrogen and potassium incorporated into the soil is roughly one-half 
of the amount removed by crops. The amounts of chemical fertilizer 
applied in 1965 was 4.3, 3.4, and 2.7 million tons for N, PgO^, and 
KgO, respectively. The crops removed 8.8 (includes 3 million tons 
fixed by legumes), 2.5, and 5 million tons of N, P^Og, and K^O, respec­
tively. Thus, any nitrogen and potassium entering water bodies could 
conceivably result from the natural soil complex.^ Smith does concede 
that some waterway contamination occurs by fertilizer nutrients since 
1 
Since fertilizer use has Increased substantially in the follow­
ing 15 years since the Smith study, a different result may occur. 
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more nutrients are lost through erosion than through leaching. He con­
cludes that if soil erosion were significantly curtailed, reduction in 
nutrient additions to our streams would ensue. A caution of using 
national figures has been pronq)ted by Frink (1971): 
On a national average, more nutrients are removed in crops 
than are applied in fertilizer ... some agricultural spokes­
men have concluded that agriculture cannot be contributing to 
nutrient pollution. An inspection of agriculture in various 
regions of the country reveals the fallacy of this argument; 
some farmers add more nutrients than their crops recover; 
while others are mining native fertility (p. 23). 
Sedimentation 
The effect of sediment^ in streams and lakes must also be considered 
when attempting to inventory the costs of erosion. Sediment, or soil 
that enters a water body, is accused of being the largest water pollu­
tant and the greatest foe to surface water quality (Robinson, 1971 and 
Viets, 1970). One-half of approximately four billion tons of annual 
sediment deposits occurs from agricultural land (Robinson, 1971; Hlghflll 
and Kinberlin, 1977; and Wadleigh, 1968). 
This sediment decreases water quality and the holding capacity of 
streams. With these impacts, bank overflows resulting in flooding of 
bottomland fields can result. In addition, one million acre-feet of 
man-made reservoirs are filled by this sediment each year (Bernard, 
1970) initially costing $100 million to develop (Laflen, 1977). Finally, 
sedimentation results in Increased dredging of rivers and harbors. 
Approximately 450 million cubic yards of this sediment is dredged annu­
ally from the waterways so that they can be navigable with one million 
1 Sedimentation is beyond the scope of this dissertation. 
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cubic yards alone reaching the Mississippi Delta dally (Glymph and 
Storey, 1967). 
Erosion costs 
Costs of erosion resulting from soil and nutrient loss, sedimenta­
tion, and. poorer water quality are incurred by both the farmer and 
society. Stalllngs (1950) and Uhland (1949) maintain that yield reduc­
tions are a result of soil erosion with both indicating that as top 
soil depth decreases, a decrease in feasible yields results. Wischmeier 
(1960) maintains that direct and "highly significant inverse correla­
tions between crop yields and erosion losses were found in the data" 
(p. 323). Soil productivity (the flow of crop yields) involves many 
resources including solar radiation, human effort, and equipment. To 
many investigators, crop yields are regarded as an indication as to the 
state of the soil. However, stability or even Increases in crop yields 
obscure the impacts of soil erosion (Ciriacy-Wantrup, 1968). More 
recent studies attempt to quantify this soil loss yield Impact relation­
ship. Dyke and Hagen (1980) developed a series of equations based on 
cross-sectional data relating observed yields to land class, soil tex­
ture, depth of soil horizon A, depth of soil horizon B, depth from 
soil horizon B to bedrock, and location. These equations are used in 
this study and are explained in Chapter II. 
The loss of available nutrients is another cost that farmers must 
bear. Assuming 75 percent of the 4 billion tons of soil annually lost 
originates from agricultural and forested land, the estimated value of 
11 
1 
nutrients is $11.79 billion. This could be misleading, as not all 
nutrients, particularly potassium, lost in the erosion process would 
be available for plant use. The Council for Agricultural Science and 
Technology (1975) estimated the value of nutrients lost in 1974 at 
$1.2 billion. 
Estimates of societal costs incurred as a result of sedimentation 
and Increased flooding have been prepared. An intensive examination 
of the erosion, flood, and sediment damage on the Upper Mississippi 
Elver basin estimated that gully erosion, sediment damage, and flood-
water damage equaled $14.1, $25, and $29.4 million, respectively (Stall, 
1972). An estimated $250 million is spent annually for removal of 
sediment in the nation's waterway system with total damages estimated 
at $500 million (Holt, Johnson, and McDowell, 1973 and Anonymous, 1969). 
The Resource Conservation Act Coordinating Committee (1980a) estimated 
that total flood damages in 1975 exceeded $1 billion with $666 million 
occurring to cropland and pasture lands. 
Certainly not all of this can be attributed to erosion. However, 
it is felt that a large amount of flooding and other damages is a 
result of sedimentation which drastically reduces the water-holding 
capacities of streams and rivers causing overflow during peak flow 
periods. 
1 
This assumes a nutrient concentration in sediment of 0.10, 0.15, 
and 1.5 percent for N, P-Og, and K2O, respectively (Wadleigh, 1968), 
and respective 1979 prices of $0.12, $0.23, and $0.10 per pound. 
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Erosion control 
Erosion has not always been of prominent importance in the public 
eye. In the 1920s, Bennett began examining the erosion problem and 
publishing his results (Resource Conservation Act Coordinating Committee, 
1980b). The first public legislation regarding soil erosion began in 
1930, with the appropriation of $160,000 to study the causes of soil 
erosion and methods of controlling erosion (Smith and Stamey, 1965). 
Public concern has increased and additional legislation resulted. 
Due in part to these costs of soil erosion. Congress has, in the 
past, developed many programs to promote soil conservation. In April 
1935, the Soil Conservation Act was passed by which the federal govern­
ment was definitely committed to the policy of soil and water conserva­
tion and provisions were made for the establishment of the Soil Conser­
vation Service (SCS) in the Department of Agriculture (USDA) (Borst, 
McCall, and Bell, 1945). The Soil Conservation and Domestic Allotment 
Act of 1936 combined the objective of promoting soil conservation and 
profitable use of agricultural resources with that of reestablishing 
and maintaining farm income at "fair levels." Under the program, 
farmers were offered soil-conserving payments for shifting acreage from 
soil-depleting to soil-conserving crops. Congress, in 1938, then 
passed the Agricultural Adjustment Act which combined the conservation 
program of 1936 with new features designed to meet drought emergencies. 
The next act which played a significant role in soil erosion control 
was the Agricultural Act of 1956 which created the Soil Bank. Similar 
acts have since been passed providing some measures of soil erosion 
13 
control. Funds have been allocated for terrace and dam construction, 
farmer education, and resource evaluation. Even with these programs, 
soil loss has increased. Thus, in 1977, Congress found that "there 
is a growing demand on soil, water, and related resources of the 
Nation to meet present and future needs." They also stated "resource 
appraisal is basic to effective soil and water conservation" (U.S. 95th 
Congress, 1977). With these two findings. Congress directed the 
Secretary of Agriculture to: 
1. appraise on a continuing basis the soil, water, and related 
resources of the nation; 
2. periodically develop and update a program for furthering 
soil, water, and related resources, conservation, enhance­
ment, and protection; and 
3. annually report the information to Congress and the public. 
There are two major conq>onents to this act — the appraisal and 
the program. The appraisal requires continuous evaluation of the 
nation's resources and includes: 
1. data on quality and quantity of soil, water, and related 
resources ; 
2. data on the capability and limitations of those resources 
for meeting current and projected demands ; 
3. data on current federal and state laws, policies, programs, 
rights, regulations, and ownerships and their trends as to 
use, development, and conservation of these resources ; 
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4. data on changes, and the condition of these resources result­
ing from past uses. 
5. data on costs and benefits of alternative soil and water 
conservation policies; and 
6. (lata on alternative Irrigation techniques regarding costs, 
benefits. Impacts on soil and water conservation, crop produc­
tion, and environmental factors. 
This appraisal is to be conducted by 1980 and every five years 
after this date. The data collected are to be used in analyzing, eval­
uating, Identifying, and investigating the soil and water conservation 
programs. 
The program is to be used by the SCS and other agencies in the U.S. 
Department of Agriculture as a guide to assist landowners and users in 
furthering conservation of this nation's resources. As the act states 
"the program shall also include but not be limited to: 
1. analysis of the nation's soil, water, and related resource 
problems ; 
2. analysis of existing federal, state, and local government 
authorities and adjustments needed; 
3. an [SIC] evaluation of the effectiveness of the soil and water 
conservation ongoing programs and the overall progress... 
4. identification and evaluation of alternative methods for the 
conseirvation, protection, environmental improvement, and 
enhancement of soil and water resources, in the context of 
alternative time frames, and a recommendation of the 
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preferred alternatives and the extent to which they are 
being implemented; 
5. investigation and analysis of the practicability, desirability, 
and feasibility of collecting organic waste materials, ..., 
compositing, or similarly treating such materials, transport­
ing and placing such materials onto the land to improve soil 
tilth and fertility, . .; 
6. analysis of the federal and nonfederal input required to 
implement the program; 
7. analysis of costs and benefits of alternative soil and water 
conservation practices; and 
8. investigation and analysis of alternative irrigation techniques 
regarding their costs, benefits, and impacts on soil conser­
vation, crop production, and environmental factors" (U.S. 95th 
Congress, 1977,.p. 1409-10). 
Federal government expenditures in soil conservation programs 
averaged $1.87 billion during the 1977 and 1978 fiscal years. State and 
local governments added $128 million in fiscal year 1978 (Resource 
Conservation Act Coordinating Committee, 1980a). Unfortunately, little 
is known as to the impact of other government programs when compared to 
the. cost of soil conservation projects. 
Several estimates have been made regarding the extent to which 
farmers have employed soil conserving practices. It is certain that 
the amounts of conservation tillage, mulch tillage, and no till prac­
tices are increasing at a rapid rate. In 1963, 3.8 million acres were 
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in conservation tillage, mulch tillage, and no till practice. By 1974 
this had expanded to 32.6 million acres (Robinson and Meyer, 1977). In 
1976, 39 million acres were in some form of conservation tillage (Davis, 
1977). 
The Soil Conservation Service (1977) examined land treatment by 
river basin (Table 1). In this assessment, minimum tillage practices 
occur on 25.5 million acres which is approximately 7.6 percent of the 
cropland under study. Some form of contour or contour-strip cropping 
is practiced on 38 million acres with terraces located on 24 million 
acres. No conservation practices are used on 141 million acres. In 
addition, this study estimates that soil losses, without these conser­
vation-tillage practices, would increase by one-third. 
Study's Objectives 
This study is made in cooperation with the Soil Conservation Service 
and the Economics and Statistics Service (ESS) of the U.S. Department of 
Agriculture and the Resource Conservation Act's Coordinating Committee 
with the objective of providing input into the evaluation process of 
Public Law 95-192. A total of 69 national interregional linear program­
ming model runs are made analyzing alteimative mandated soil loss control 
programs and alternative levels of resource demands or commodity supplies. 
Many of these runs will be analyzed in a multivolume series (English, 
Alt, and Heady, ca. 1981b). 
This dissertation examines five of these solutions. It examines 
the impacts on U.S. agriculture of several levels of allowed soil loss 
for the year 2030 under a moderate supply-moderate demand scenario. 
Table 1. Allocation of land treatment^ by acres on cropland, 1975 (1000 acres 
CF CF SC SC TERR. TERR. 
River CONV. CONV. CF CONV . CONV. SC CONV. CONV. TERR . Total 
basin None CRU trr RR CRU . MT RR CRU MT RR CRU MT acres 
New England 852 73 39 108 17 17 33 5 3 0 0 0. 1,042 
Middle Atlantic 4,710 1,336 526 645 144 66 871 170 80 7 1 0 8,556 
South Atlantic 
Gulf 6,923 6,572 538 843 819 50 108 75 13 1,445 1,357 84 18,827 
Great Lakes 13,935 4,075 2,340 356 74 36 365 83 45 55 12 9 21,385 
Ohio 13,266 6,130 3,933 884 288 212 605 103 66 231 98 88 25,904 
Tennessee 1,629 518 95 180 51 12 16 3 1 163 137 9 2,814 
Upper Mississippi 27,461 12,973 5,856 2,319 1,366 528 1,921 600 183 363 220 83 53,873 
Lower Mississippi 6,707 9,501 263 364 457 15 14 21 1 138 143 2 17,626 
Souris-Red Rainy 6,327 9,386 445 14 15 3 398 842 14 0 6 0 17 444 
Missouri 26,954 26,406 3,032 1,893 1,846 310 5,327 5,832 316 4,147 3,925 432 80,420 
Arkansas White-
Red 10,365 15,082 650 765 1,299 68 168 432 13 2,326 3,849 135 35,152 
Texas Gulf 6,775 8,080 460 817 967 59 50 52 2 1,908 2,431 107 21,708 
Rio Grande 867 1,203 80 10 15 1 0 1 0 10 8 0 2,195 
Upper Colorado 377 303 161 1 1 1 4 4 6 1 2 1 2,195 
Lower Colorado 482 545 230 0 0 0 0 0 0 5 4 2 1,268 
Great Basin 784 436 277 65 46 32 19 13 8 4 2 1 1,687 
Columbia North 
Pacific 6,997 5,080 1,605 570 463 165 76 58 25 12 9 4 15,064 
California South 
Pacific 5,546 2,044 1,699 20 7 7 12 4 4 1 0 0 9,344 
National 140,852 109,743 22,229 9,854 7,875 1,582 9,987 8,298" 780 10,816 12,198 957 335,171 
^CF - Contour Farming; CRU - Crop Residue Use; MT - Minimum Tillage; SC - Contour Strip Cropping; 
TERR - Terraces; CONV-RR - Conventional Tillage with Crop Residue Removed; CONV-CRU - Conventional 
Tillage with Crop Residue Use. 
^Soil Conservation Service, 1977. 
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Specifically, the study examines on-farm impacts that.result when 
reducing allowable soil loss by 20, 40, and 60 percent of the levels 
occurring In the Base solution. Additionally, a solution is examined 
that fixes the soil loss level at the 1977 level of erosion. 
Five solutions are examined. The Base is an unconstrained soil 
loss solution and it is compared to the other solutions. Once the Base 
solution is attained, producing area soil loss is reduced 20, 40, and 
60 percent (20, 40, and 60 Percent Soil Loss Level solutions). A final 
solution, one that has the soil loss level fixed at the 1977 level (1977 
Soil Loss Limit), is run. This solution assumes that farmers and legis­
lators do nothing to decrease soil erosion over the next 50 years. Thus, 
the results of this solution when compared to the Base should provide a 
measure of opportunities foregone if soil erosion is not arrested. 
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CHAPTER 11. THE MODEL 
The American agricultural sector exists with wide variations in 
climate, soil types, farm practices, and farm structure. Due to these 
variations, a model designed to examine this sector should reflect the 
regional aspects of agriculture. When policies are analyzed, various 
regions may be affected in different manners. Interregional shifts 
can occur when a change in policy affects a region's comparative advan­
tage (disadvantage). To analyze these policy impacts, a national large-
scale interregional linear programming model is used. 
The basis for an interregional model is regions that are consis­
tent with the characteristics needed to specify available resources, 
production techniques, and possible interregional interactions. In­
cluded in the model are 105 producing areas and 28 market regions. 
Within these regions, constraints are defined so that resource avail­
ability, commodity production, and commodity demands are limited. Activ­
ities representing alternative production possibilities, resource 
availability and resource transfers define possible commodity production, 
as well as resource use, subject to the specified set of constraints. 
These activities simulate crop rotations, soil conservation and tillage 
practices, water transfer and distribution, commodity transportation, 
and nitrogen supplies. 
A structural outline of the Center for Agricultural and Rural 
Development's Rural Conservation Act (CARD-RCA) model used for the 
analysis is presented in this chapter. The structure of the model. 
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including a mathematical presentation and its limitations, is initially 
described. A description of the regions and a mathematical description 
of the Interactions developed within the model follow. Finally, the 
development of the resource restraints, commodity demands, and the 
activities' coefficients are presented.^ 
Model Structure 
As previously stated, a national interregional linear programming 
model is used in this dissertation as a tool to examine the national 
and regional impacts of meeting the various soil loss alternatives. 
This tool uses a set of simultaneous equations with the form: 
mln C X 
subject to A^ X ^  D 
A^ X < R 
X >_ 0 
where: C is the cost vector; 
X is the vector of the activities in the. model; 
D is the vector of the demands to be met; 
R is the vector of the resources available; 
A^ is a matrix of the interaction coefficients between 
X and D, and 
1 
The CARD models have been developed over a lengthy time frame. 
Much of the work in developing the coefficients Incorporated in the 
modeling framework have been developed by other individuals. The 
terminology used in this section is consistent with past documentations 
of the model (Melster and Nicol, 1975; and Nicol and Heady, 1975). 
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Ag is a matrix of the interaction coefficients between X and R. 
Vector X represents the production, resource and transportation alterna­
tives in the model, and the A matrices identify the interaction 
between vectors X, D, and R (Nicol and Heady, 1975). 
The restraints or rows in the linear programming formulation repre­
sent the markets in the agricultural economic system. The resources 
are obtained in a market and the production and demands interact in a 
market. Other restraints are used to control relative use or to reflect 
institutional restraints where the use or production of one commodity 
requires a nonmarket but fixed interaction with another commodity. 
These generally take on the form of bounds on the activities restricting 
implementation of the activity to some level not regulated by the normal 
resource or product market systems (Nicol and Heady, 1975). 
Limitations of the linear programming model 
Linear programming models have limitations which restrict the 
scope of use and the analysis of the results. Linear programming is, 
as its name implies, a tool utilizing linear approximations to define 
the relationships between inputs, outputs, and their associated costs. 
In other words, the production possibilities are all based on constant 
marginal products for the inputs and do not reflect any cost-decreasing 
or -increasing scale economies. Thus, the objective function assumes 
constant costs over the relevant range of the variable and simulates 
a perfectly elastic supply curve within the bounds of the activity or 
the restraints of a resource. 
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As stated in Nicol and Heady (1975): 
These characteristics provide a normative system which can 
analyze impacts of alternative policies but which provide 
little or no direct information on how the transformation 
from one alternative to the other can be accomplished with 
least impact during the transformation period. A model 
could be formulated to follow these transformations through 
time, but computer and cost problems must be considered. 
The technique of linear programming is a handy and useful 
tool for impact analysis but is more complicated for trans­
formation analysis (p. 11). 
Finally, the results of the model are neither predictions nor pre­
scriptions; rather, they are projections. And these projections are 
dependent on the assumptions from which they are derived, and thus, are 
conditional statements about the future. Therefore, the model's solu­
tion will provide large quantities of information about the possible 
magnitudes as well as the direction of the impacts resulting from a 
change in policy or resource availability. However, these results, as 
in any modeling effort, should be interpreted with full knowledge of 
the assumptions inherent in the model. 
The CARD-RCA model; A general description 
A schematic diagram of. the CARD-RCA linear programming model is 
presented in Figure 3. The types of resources required and outputs 
produced are listed vertically with the types of activities Included 
in the model listed horizontally. The ^ notation within the matrix 
represents sets of coefficients that must be determined. The levels 
of resource restraints are identified with the vector of R.'s and B.'s 
1 J 
for the right-hand-sides and bounds, respectively. 
Water Nltro- Dry 
Dry Irrigated Effl- Trans- Water gen Land Irrigation Crop 
rotations rotations Buy clency fer hây buy develop, conversion transfer RHS 
Objective 
function *11 *12 *13 *14 *15 *17 *18 *19 *110 
Dryland 1 
*28 1 
Irrlgatable 
land 1 1 -1 
Water 
*42 1 1 *45 *46 
Nitrogen 
-*51 "*52 1 
Crop 
production *61 *62 -*66 
±1 
Crop flexi­
bilities *71 *72 
Soil 
sector *81 *82 
BOUNDS ®3 =5 »6 »8 »9 
Figure 3. Schematic diagram of the CARD-RCA linear programming model 
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The basic units of the programming model are the 105 producing areas 
(FA) (Figure 4), which are derived from the U.S. Water Resource Council's 
99 aggregated subareas (ASA) (U.S. Water Resources Council, 1970). The 
FAs are Identical to the ASAs with the exception of six ASAs which are 
subdivided to better reflect agricultural production. In addition, FAs 
48 through 105 serve dual purposes because they define water supply 
regions in addition to the production areas. 
These 105 FAs aggregate into 28 market regions (MR) (Figure 5). 
Each market region represents an established commercial and transpor­
tation center and serves as the hub of commodity demands and transport 
linkages. The market regions also serve as the market framework for 
the nitrogen purchasing activities. 
A final set of regions is defined by aggregating adjacent market 
regions into eight major zones (Figure 6). The zones include the 
Northeast, Southeast, Lake States, Com Belt, Delta States, Northern 
Flains and Mountain, Southern Flains, and Facific. (In this disserta­
tion, the Northern Flains and Mountain zone will be referred to as the 
Northern Flains.) 
At the different regional levels, restraints are defined as to 
the availability of dry and irrigated cropland by land group,^ and 
commodity demands. The land base, water, and nitrogen are adjusted 
for the requirements of the crops whose regional distribution is not 
specifically endogenously determined. Thus, the right-hand-sides for 
^The definition of land group will be presented later in this 
chapter. 
Figure 4. The Producing Areas with irrigated lands 
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Figure 5. The 28 market regions 
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Figure 6. The eight major zones 
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these three Inputs reflect the quantity of land available for endogenous 
crop production; the quantity of water required for exogenous crop pro­
duction; and the quantity of nitrogen supplied from livestock less the 
quantity required for exogenous crop production. The commodity demands, 
specified by MR, are the driving force for the model. These demands 
are determined by adding the domestic human consumption, the feed re­
quirements for the projected level of livestock production, the indus­
trial consumption, and the level of exports. 
Production alternatives (activities) in the model include crop 
production, water availability, nitrogen purchase, irrigation and 
land development, water hay, and transportation. Barley, com grain 
and silage, cotton, legume and nonlegume hay, oats, sorghum grain and 
silage, soybeans, wheat and summer fallow are endogenously produced 
through dry and irrigated production practices. These crops require 
nitrogen, water (only on irrigated practices), and land and produce 
a yield and soil loss. The water sector includes four types of activ­
ities (purchase, transfer, water hay, and Increased efficiency), and 
defines, through bounds, the quantity of water available for both 
endogenous and exogenous crop and livestock needs. The nitrogen pur­
chase activities, specified by MR, supply commercial nitrogen to the 
crop production sector. Additional land is made available through the 
land development activities and the dry/irrigation conversion activi­
ties allow a predetermined maximum quantity of l^d to be converted 
from dry to Irrigated. Finally, there are 176 transportation routes 
defined to simulate transportation routes between MRs. 
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The remainder of this chapter Is divided Into two sections. The 
first section Is a mathematical explanation, of the model where the 
objective function, producing area, market region, and national equa­
tions are described. The data sources and methodology used In develop­
ing the coefficients are explained In the last section. 
A Mathematical Explanation of the Model 
This section will examine the mathematical relationships incorpor­
ated within the model. It is divided into four sections — the objec­
tive function, producing area equations, market region equations, and 
a national equation. 
The objective function 
The objective function minimizes the total cost of crop produc­
tion and transportation. A conqietltive equilibrium is assumed; wherein 
all resources receive their market rates of return, except land and 
water whose returns are determined endogenously. Costs included in 
the objective function are labor, machinery, pesticides, fertilizers, 
water, transportation of raw agricultural commodities, and some other 
undefined costs. These costs are all specified in 1975 dollars. 
The costs associated with each activity represent the returns to 
resources and inputs not endogenously accounted for during solution 
of the model. The model, thus, can select among various field prac­
tices and technologies which represent various means to decreasing 
soil loss using either dryland or irrigated production practices. 
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The spatial distribution of production and the patterns of resource 
use is a function of the transportation sector. 
The objective function is subject to projected moderate domestic 
and foreign commodity demands for 2030, availability of land and water 
resources, and minimum regional production requirements. In addition, 
the objective function is subject to a set of constraints dependent 
on the alternative soil loss runs. It can be represented by: 
^ijkm^^ijkm 
+ S(W^WC^ + W® W + IB^ICp 
+ S E E T TC ^ + E(LD.DC. + RD.RCj 
^ nst nst . 11 11 
n s t 1 
where: 
X 
1 = 1 
j = 1 
k = 1 
m = 1 
n = 1 
r = 1 
s = 1 
t = 1 
+ E F FC 
n * * 
..., 105 for the producing areas, 
..., 10 for the land classes, 
. 3 3 0  f o r  t h e  r o t a t i o n s  d e f i n e d ,  
..., 12 for the conservation and tillage alternatives, 
..., 28 for the market regions, 
..., 56 for the water supply regions. 
2, 8, 11, 13, 15 for the commodities^ transported, 
..., 176 for the transportation routes defined. 
Ijkm is the number of acres of rotation (k) with conservation-
tillage (m) in producing area (1) on land class j ; is the 
cost per acre of rotation (k) with conservation-tillage practice 
The.endogenous commodities and their respective numbers used 
throughout this text is as follows : barley, 1; com grain, 2; com 
silage, 3; cotton, 4; legume hay, 5; nonlegume hay, 6; oats, 8; sor­
ghum grain, 11; sorghum silage, 12; soybeans, 13; wheat, 15, summer 
fallow, 17. 
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(m) In producing area (1) on land class (j); is the number of 
acre feet of water purchased in water supply region (r) ; WC^ is 
the cost per acre foot of water purchased in water supply region 
(r); is the activity level of the increased irrigation effi-T 
E 
ciency in water supply region (r); WC^ is the cost of increasing 
the irrigation water efficiency in water supply region (r); IB^ 
is the acre feet of water transferred out of regions (r); IC^ is 
the cost differential on a per acre foot basis for water in 
region (r); is the number of units of commodity (s) trans­
ported over route (t) from market region (n); is the cost 
per unit of commodity (s) transported over route (t) from market 
region (n); LD^ is the number of acres of land drained and con­
verted to cropland in producing area (i); DC^ is the per acre 
cost for draining and converting land to cropland in producing 
area (i); RD^ is the number of acres developed for irrigation 
under private development in producing area (i); RC^ is the cost 
per acre for private irrigation development in producing area 
(i); is the number of pounds of nitrogen fertilizer purchased 
in market region (n); FC^ is the cost per pound of nitrogen fertil-r 
izer purchased in market region (n). 
In addition to the objective function, equations are expressed by 
producing area, market region, and nationally. Equations for land, water, 
crop flexibilities, and soil loss are expressed by PA. The nitrogen and 
production equations are expressed at the market region level with the 
exception of cotton production which has a national equation. 
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Producing area equations 
Each producing area has restraints for land availability separated 
into five dry and five irrigated land groups and restraints to control 
the level of production of seven crops. In addition, water availability 
and soil loss are constrained at the producing area level. The produc­
ing area equations are as follows: 
Dryland restraint by land group 
j = 1, ..., 105 for the producing areas, 
3 = 1 ,  . . . ,  5  f o r  t h e  l a n d  g r o u p s ,  
k - 1, ...» 330 for the rotations defined, 
m = 1, ..., 12 for the conservation-tillage alternatives; 
Irrigated land restraint by land class 
i = 48, ..., 105 for the producing areas, 
j " 6, 10 for the land groups, 
k = 1, ...» 330 for the rotations defined, 
m = 1, ..., 12 for the conservation-tillage alternatives; 
Crop acreage restraints 
i = 1, ..., 105 for the producing areas, 
3= 1 ,  . . . »  1 0  for the land groups, 
k = 1, ..., 330 for the rotations defined, 
m = 1, ...» 12 for the conservation?tillage alternatives, 
u = 2, 4, 11, 13, 15 for the crops; 
^The crops include com, cotton, sorghum, soybeans, and wheat. 
Barley and oats are restrained at the market region level. 
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where: 
^ijkm level of rotation (k) using conservation-tillage 
method (m) on land group (j) in producing area (i); is the 
acres of dryland used per unit of rotation (k) using conservation-
tillage method (m) on land group (j) in producing area (i); AI^ 
is the acres of irrigated land used per unit of rotation (k) using 
conservation-tillage method (m) on land group (j) in producing 
area (i); DA^^ is the acres of dryland available on land group 
(j) in producing area (i); lA^^ is the acres of irrigated land 
available on land class (j) in producing area (i); is the 
quantity of land drained in producing area (i) on land group (j); 
is the quantity of irrigated land developed in producing 
area (i) which is on land group (j); is the rotation 
weight for crop (u) in rotation (k) using conservation-tillage 
method (m) on land group (j) in producing area (i); and MINA^^ 
is the minimum acreage of crop (u) required in producing area 
(i). 
In producing areas 48-105, water supplies and irrigation activi­
ties are defined. The following equation controls the allocation of 
water to the endogenously determined agricultural uses. 
! Ï Z E X W CWU,„ + WA < WS^ 
i k m u •• •' 
j = 1, ...» 10 for the land groups, 
k = 1, ...» 330 for the rotations defined, 
m = 1, 12 for the conservation-tillage alternatives, 
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r = 48, ..., 105 for the producing areas in the irrigation 
regions, 
u = 1, ...» 15 for the possible irrigated crops. 
where ; 
X is the level of crop rotation (k) using conservation-tillage 
rjkm 
method (m) on land group (j) in producing area (r) ; is the 
rotation weight for crop (u) in rotation (k) using conservation-
tillage method (m) on land group (j) in producing area (i); 
is the per acre water use coefficient for crop (u) in producing 
area (r); WS^ is the acre feet of water available for use by the 
endogenous agricultural sector in water supply region (r); WH^ 
is the level of irrigated to dryland pasture conversion in water 
supply region (r); and WA^ is the per acre water release coeffi­
cient when converting one acre of irrigated pasture to dryland 
pasture in water supply region (r). 
A final set of producing area constraints controls soil loss. In 
the Base solution, the following equation is unconstrained and acts as 
an accounting row. The soil loss equation is; 
! ^ : ^Ijkm i ] k m 
i = 1, ..., 105 for the producing areas, 
j = 1, ...,10 for the land groups, 
k = 1, ..., 330 for the rotations, 
m = 1, ..., 12 for the conservation-tillage practices, 
where : 
X . i s  t h e  l e v e l  o f  c r o p  r o t a t i o n  ( k )  u s i n g  c o n s e r v a t i o n - t i l l a g e  
xjkm 
system (m) on land group (j) in producing area (i); Is the 
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soil loss coefficient for rotation (k) and conservation-tillage 
practice (m) on land group (j) in producing area (1); and ASL^ is 
the quantity of soil loss allowed in producing area (1). 
Commodity market equations 
To reflect demand based on per capita use as a function of income 
and commodity substitution and foreign trade movements through the region, 
each commodity market region has a set of equations to balance the supply 
and demand of the commodities. Additionally, a set of equations speci­
fying the nitrogen market is included by market region. 
The equations are: 
Commodity balance equation 
: "«tan "ijtani C^iJkBsu - I \st -  ^
1 = 1,..., 105 for the producing areas, 
j = 1, ..., 10 for theland groups, 
k = 1, ..., 330 for the rotations, 
m = 1, ...» 12 for the conservation-tillage practices, 
n = 1, ..., 28 for the market regions, 
r = 48, ..., 105 for the producing areas in irrigated regions, 
s = 1, 2, 3, 5, 6, 8, 11, 12, 13, 15 for the commodities balanced 
at the market region, 
u = 1, ..., 17 for the crops, 
t = 1 176 for the transportation activities defined. 
where : 
^ijkmn the level of crop rotation (k) using conservation-tillage 
system (m) on land group (j) in producing area (i) which is Included 
in the market region (n); is the weight of crop (u) in 
rotation (k) using conservation-tillage system (m) on land group (j) 
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in producing area (i); is the per acre production of 
commodity (s) from crop (u) in rotation (k) using conservation-
tillage system (m) on land group (j) in producing area (i); 
is the exogenously determined demand for conmiodity (s) in market 
region (n); is the net export of commodity (s) over trans­
portation route (t) defined in market region (n); WH^ is the 
level of irrigated to dryland pasture conversion in water region 
(r); is the reduction in nonlegume hay yield associated with 
the conversion of an acre of irrigated pasture to dryland pasture 
in water supply region (r). 
Nitrogen balance equation 
"ijtau "iku + 1 
i • • • > 105 for the producing areas. 
j 
• • • » 10 for the land groups. 
k • • • > 330 for the rotations. 
m 
• • • 9 12 for the conservation-tillage practices 
n • • • 9 28 for the market regions. 
u SS 2 
• • • 9 17 for the crops. 
where: 
X . i s  t h e  l e v e l  o f  c r o p  r o t a t i o n  ( k )  u s i n g  c o n s e r v a t i o n - t i l l a g e  
ijKmn 
system (m) on land group (j) in producing area (i) which is included 
in the market region (n); is the weight of crop (u) in rota­
tion (k) using conservation-tillage system (m) on land group (j) in 
producing area (i); is the quantity of nitrogen for crop (u) 
in rotation (k) and producing area (i); and is the quantity of 
nitrogen supplied by exogenous livestock less the quantity required 
for exogenous crop production in market region (n). 
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National equation 
As mentioned previously, the cotton demands are defined at the 
national level; 
mi "«tau i 
1 = 1 ,  1 0 5  f o r  t h e  p r o d u c i n g  a r e a s ,  
j = 1, ..., 10 for the land groups, 
k = 1, ...» 330 for the rotations defined, 
m = 1, 12 for the conservation-tillage alternatives, 
u = 4, for cotton. 
where: 
^Ijkm the level of crop rotation (k) using conservation-tillage 
practice (m) on land group (j) in producing area (1); is 
the rotation weight for crop (u) In rotation (k) using conservation-
tillage practice (m) on land group (j) in producing area (1); 
^^Ijkmu the per acre production of crop (u) in rotation (k) 
using conservation-tillage practice (m) on land group (j) in 
producing area (1) and CD^ is the demand for cotton (u) at a 
national level. 
Data Sources and Methodology Used in Restraint 
and Coefficient Development 
After examination of the equations presented in the preceding 
section of this chapter, it is apparent that numerous data sets need 
to be developed before solution of the model can occur. These data 
sets include resource restraints, the activities' coefficients and 
bounds, and commodity demands. 
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The land restraint 
The land base represents the major constraint on the productive 
capacity of the system. It consists of three data sets — the number 
of acres of dryland and irrigated cropland readily available, the 
number of acres that can be converted from dry to irrigated, and the 
amount of land that can be converted from pasture and forest to range 
land. The last two portions of the land base are activities and will 
be explained in the section on coefficient and bounds development. 
Thus, this section will examine the development of the constraints that 
define land that is readily available. 
Both the CNI and NRI report the acres of privately owned land. 
Estimated in both data sets are eight major soil capability classes 
with II through VII further subdivided to reflect the most severe 
hazard which prevents the land from being available for unrestricted 
use. The four hazards or subclasses reflect susceptibility to erosion 
(e), subsoil exposure (s), drainage problems (w), and climatic conditions 
preventing normal crop production (c). Thus, both the CNI and NRI 
report data on 29 capability class-subclasses. 
These 29 capability class-subclasses are then aggregated into five 
land groups. The land groups are selected so that a range of erosion 
hazards and farming practices can be exhibited in the model (Table 2). 
Unlike the CNI, the NRI is statistically reliable at the state 
level rather than the county level so that the land available is 
39 
Table 2. Land class and subclasses aggregated to five land groups 
Land groups Inventory class-subclass* 
1 I^wa' ":wa 
2 Rest of II, III , III , III , IV , IV , 
IV , all of V c " s c 
s 
3 nie 
4 
5 all of VI, VII, and VIII 
^Inventory classes and subclasses are as defined by the Soil 
Conservation Service for both the Conservation Needs Inventory, and 
the National Resource Inventory. 
distributed to the PA level by land group using the weighted ratio^ 
equation: 
CNI^. * " ^ ij 
5 J 
where: 
EI . is the quantity of land for state (s) in land group (j) from 
sj 
the Erosion Inventory; CNI^j is the quantity of land for state (s) 
in land group (j) from the Conservation Needs Inventory; CNI?j 
is the quantity of land in PA (i) within state (s) in land group 
(j) from the Conservation Needs Inventory; and LA?j is the land 
available in PA (i) within state (s) in land group (j). 
The assumption made with this weighting scheme is that any 
changes in the land groups that have occurred between 1967 and 1977 
are assumed to have occurred in each PA within the state. 
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These are then summed to the PA level. The land base used for the 
endogenous crops represents the sum of the acres in the NRI defined 
as that used for row crops, close-grown crops, summer fallow, rotation 
hay and pasture, temporarily idled cropland, and land used for fruits 
and vegetables. Thus, the NRI and CNI are used to estimate the 
quantity of land in PA (i) and land group (m) available in 1977. This 
estimated 1977 land base is then adjusted to reflect 2030 urban land 
needs, other nonagricultural land needs for airports, highways, vaca­
tion homes, recreation and wildlife, reservoir and surface mines, 
exogenous crop use in the year 2030, and projected double cropping. 
Converting agricultural land to urban and other nonagricultural 
1 
uses is achieved following the methods outlined in Spaulding. The 
quantity of land taken out of agricultural cropland to meet these 
demands in the year 2030 is 20.72, 0.67, 0.70, 4.64, 12.97, 1.93, and 
6.27 or a projected total for the United States of 47.9 million acres 
for urban, highways, airports, second homes, recreational areas, reser­
voirs, and strip mines, respectively. These estimates are made by 
PA and then disaggregated proportionately to the land groups within 
a PA. 
Not all crops grown in a producing area will be analyzed within 
the LP model; eleven crops, including hay, are endogenous to it. 
Excluded are the two more intensely grown crops such as fruits and 
vegetables. For these crops, state irrigated and nonirrigated acreage 
^A working paper entitled "Model Documentation Land Use Adjustment 
and Allocation Model," Center for Agricultural and Rural Development, 
Ames, Iowa, 1974. 
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projections from the National Interregional Agricultural Projections 
1 
System (NIRAP) model are obtained and weighted to PA using the 1974 
Census of Agriculture (Bureau of the Census, 1977). The exogenous crops 
are categorized Into three groups — close grown, row, and orchard and 
vineyard for both dry and Irrigated lands. A list of these exogenous 
crops and their respective grouping is presented in Table 3. The pro­
jected exogenous crop acres are then distributed to each of the 10 land 
groups (5 for irrigated and 5 for dryland) by using the proportion of 
the three groups in each land group in each PA. 
Table 3. Projected exogenous crop acres by crop group 
Crop 
group Crop names 
Crop ^ 
acres 
Row dry beans and peas, flaxseed, Irish 
and sweet potatoes, peanuts, sugar­
cane, sugar beets, tobacco, and 
vegetables and melons 
(million) 
7.287 
Close grown rice and rye 13.590 
Vineyards and orchards citrus and noncltrus fruits 6.358 
^Unpublished data from the NIRAP modeling system. Economics and 
Statistics Service, U.S. Department of Agriculture, May 1979. 
An additional adjustment is made to account for the double cropping 
that is projected to occur by NIRAP. These state projections are 
weighted into PAs using state-to-PA weights based on the quantity of 
^Unpublished data from the NIRAP modeling system. Economics and 
Statistics Service (ESS), May 1979. 
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exogenous crops within each state portion of a given PA. These are 
disaggregated to the 10 land groups using the same weights as did the 
exogenous crop adjustment. 
The water restraint 
The water rlght-hand-sldes represent the quantity of water required 
for exogenous crop and livestock production. The projected Irrigated 
acres producing exogenous crops provided by NIRAP are used In conjunc­
tion with water use coefficients developed by the Special Projects 
Division (1976) to estimate the quantity of water required to produce 
the exogenous crops In the Irrigated PAs. 
The exogenous determination of livestock water demands is derived 
by using several sources. Projected livestock production is estimated 
by state through the NIRAP system. These state projections are weighted 
from states to the PAs with weights derived from the 1974 Census of 
Agriculture (Bureau of the Census, 1977). Production by producing area 
is then multiplied by water consumption factors developed by the 
Agricultural Resource Assessment System Technical Committee (1975). 
These coefficients, presented in Boggess, are then summed with the 
water required.for Irrigated exogenous crops to form the water right-
hand- sides . 
forking paper entitled "The Development of an Exogenous Live­
stock Sector for Use in CARD Linear Programming Models," Center 
for Agricultural and Rural Development, Iowa State University, 1977. 
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The nitrogen restraint 
Livestock supplies nitrogen to the crop sector. Since livestock 
is exogenous, this quantity of nitrogen and that which is required by 
exogenous crops determines the nitrogen restraint. 
Short and Dvoskin (1977) outline a procedure that determines the 
nitrogen fertilizer equivalent resulting from livestock wastes. The 
procedure accounts for the quantity of nitrogen excreted, the losses 
associated from handling and storage, and the decreases in fertilizer 
equivalent resulting from losses in field application. These coef­
ficients are estimated by market region for beef cows, beef feeders, 
dairy cows, dressed hundred weight of pork and sheep, ready to cook 
broilers, and layers. The state livestock production projections, 
once weighted to MRs, are converted to the proper units and multiplied 
by the estimated coefficients. 
Exogenous crops require a significant amount of nitrogen. The 
nitrogen coefficients for specific crops are derived from the work of 
Ibach and Adams (1967). These per acre coefficients are then multi­
plied by the exogenous crop acres in each market region to find the 
quantity of nitrogen required for exogenous crop production in each of 
the 28 MRs. 
By subtracting the quantity of nitrogen supplied by livestock 
from the demands that the exogenous crop production sector places on 
nitrogen supplies, the nitrogen restraints are determined. These 
represent the quantity of nitrogen required (supplied) by the exogenous 
agricultural sector. 
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The commodity restraints 
Defined at the MR level, the final demand restraints require pro­
duction of endogenous commodities to equal the 2030 projected levels 
of demand (Table 4). The sum of domestic consumption, exogenous live­
stock feed demands. Industrial and nonfood uses, and exports determine 
1 
these restraints. The NIRAF system provides national levels of the 
domestic per capita consumption, state projections of livestock produc­
tion, and net exports at the national level. Other data sets used in 
determining commodity constraints include OBERS E' population levels 
(U.S. Water Resources Council, 1975), livestock rations as estimated 
2 by Boggess, weights developed from the 1974 Census of Agriculture 
(Bureau of the Census, 1977), and the Consumer and Marketing Service 
(as referenced in Nicol and Heady (1975)) for providing Information on 
port exports to help allocate each commodity to the port city located 
in each MR. 
The 2030 demands provided by NIRAF assume a domestic population of 
300.3 million people or the rate of population growth is assumed to 
increase at an annual rate of 2 percent. Additionally, it is assumed 
that imports and exports increase at an annual rate of 2 percent, 
research and development expenditures are assumed to Increase at an 
annual rate of 3 percent, and the weather is assumed to be normal. 
^Unpublished data provided by NIRAF, ESS, USDA, May 1979. 
2 
A working paper entitled, "The Development of an Exogenous Live­
stock Sector for Use in CARD Linear Frogramming Models," Center for 
Agricultural and Rural Development, Iowa State IMiverslty, 1977. 
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Table 4. Projected demand levels used In the 2030 moderate demand-
moderate supply model 
Commodity Units Quantity 
(million units) 
Barley bushels 673.5 
Com grain bushels 9,437.5 
Cotton bales 12.3 
Legume hay tons 103.8 
Nonlegume hay tons 73.6 
Oats bushels 1,095.2 
Oilmeals cwt 2,012.9 
Silage tons 133.6 
Sorghum grain bushels 1,490.6 
Wheat bushels 3,582.7 
The projected national per capita consumption and net export 
levels of the endogenous commodities are presented in Table 5. The 
300.3 million people are distributed to the PA level based on an extra­
polation of the projected OBERS E' population for 2000 and 2020. In 
each PA, the change in projected population between 2020 and 2030 is 
determined linearly. A population weight for each PA is then calcu­
lated and this weight when combined with the national population pro­
jection provides an estimated population by PA. jChis population is 
then multiplied times the per capita consumption with the result being 
domestic food and fiber requirements by PA. The PA consumption figures 
are then summed to the MR level. 
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Table 5. Projected per capita consumption levels and net exports 
for the 2030 moderate demand and supply scenario^ 
Per capita 
consumption Net exports 
Commodity Units Quantity Units Quantity 
Barley pounds 2.4 bushels 143.2 
Com pounds 125.9 bushels 3,077.1 
Cotton pounds 14.7 bales 3.3 
Oats pounds 7.8 bushels 29.2 
Sorghum pounds 0.0 bushels 424.4 
Soybeans cwt 0.001 bushels 1,848.1 
Wheat pounds 164.3 bushels 2,088.8 
a 
Unpublished data from NIRAP, ESS, USDA. 
National export figures are used In conjunction with average port 
weights to define the quantity of commodities exported by MR. The port 
weights are determined from Consumer and Marketing Service (as refer­
enced in Nicol and Heady (1975)). 
A primary interaction between livestock and the crop production 
' sectors occurs through livestock feed demands. Since livestock is 
exogenous to the model, these demands are specified at a market region 
level and Incorporated into the demand sector. Boggess^ outlines the 
methodology used in deriving the feed demands. Boggess determined 
^A working paper entitled "The Development of an Exogenous 
Llvesotck Sector for Use in CARD Linear Programming Models," Center 
for Agricultural and Rural Development, Iowa State University, 1977. 
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concentrate and roughage rations by using two data sources, Including 
1971-1973 state livestock production (Allen and Devers, 1975), and the 
1971-1973 average consumption of feedstuffs by livestock type provided 
by Allen.^ The concentrate rations determined from these two sources 
are compared to experimental and observed values with this comparison 
resulting in increasing the efficiency of feed. Roughage rations are 
determined similarly using roughage data provided by Allen. 
Since pasture is not endogenous, only hays and silages are included 
in the rations. Finally, as with the concentrate rations, an Increase 
in conversion efficiency is assumed to be 10 percent to the year 2030. 
Once the state livestock concentrates and rations are determined, 
the state NIRAP livestock projections are used to calculate livestock 
feed demands. The national levels of projected livestock production 
are shown in Table 6. 
Table 6. NIRAP's state projected levels of livestock production 
aggregated to a national level 
Type of , livestock Units Production 
Beef and veal pounds (carcass) 
(million units) 
40,169 
Pork pounds (carcass) 20,921 
Lamb and mutton pounds (carcass) 366 
Chickens pounds (ready-to-cook) 17,184 
Turkeys pounds (ready-to-cook) 3,904 
Eggs dozen 6,566 
Milk hundred weight 1,468 
T 
A computer tape sent by George Allen, ESS, USDA. The data set 
is entitled "Concentrate Consumption by State, by Year (1971-1973), 
by Type of Livestock, By Concentrate." ESS, USDA. Roughage data 
were sent on a similar tape.. 
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The crop flexibility restraint 
The regional production restraints are imposed on the model so 
that shifts in production between regions is limited. The intent of 
placing these restrictions on the model is to simulate farmers' multiple 
cropping practices as a method of risk reduction, and the imperfect 
mobility of resources. Restraints are applied for com, cotton, sorghum, 
soybeans, and wheat at the producing area level. The adjustment levels 
are based on the crop production as reported in the 1974 Census of 
Agriculture (Bureau of the Census, 1977) and take the form: 
J K m 
i = 1, ..., 105 for the PAs, 
j =1, ..., 10 for the land groups, 
k = 1, ..., 330 for the rotation defined, 
m = 1, 12 for the conservation-tillage alternatives, 
u = 2, 4, 11, 13, 15 for the crop. 
where: 
QA^^^^ is the quantity of acres in producing area (i) planted in 
crop (u) in 1974; and been previously defined. 
The soil loss restraint 
Each producing area has a soil loss row. In the Base model, the 
row acts solely as an accounting row. For the alternatives, however, 
soil loss is fixed to a certain level based on the Base Solution. (This 
is true for all but the 1977 soil loss alternative. In this alternative, 
1 
soil loss is based on the 1977 FA levels as determined by SCS.) For 
^Information provided by R. Mack Gray, Soil Conservation Service, 
U.S. Department of Agriculture, August 1979. 
49 
reporting purposes these levels are aggregated to major zone and 
presented in Table 7. 
Table 7. Levels of soil loss restraints by major zone and alternative 
Soil loss reduced to: 1977 
Major Levels of 
zone Base* 80% 60% 40% soil loss 
(million tons) 
Northeast 27 .52 22. 02 16. 52 11. 02 74, .75 
Southeast 54 .85 43. 88 32. 91 21. 94 134, .74 
Lake States 172 .61 138, .09 103. 57 69, .04 198, .97 
Corn Belt 138 .01 110. 41 82. 81 55, .21 498. 40 
Delta States 200 .50 161. 05 121. 14 80. ,76 264, .77 
Northern Plains 264 .59 212. 98 160. 59 107, .51 446, .86 
Southern Plains 352 .50 282. ,16 211. 83 141, .49 207. 14 
Pacific 52 .48 41. ,19 32. 36 23. 54 39. 96 
^Unconstrained solution. 
The Coefficients and Bounds 
Numerous activities are required in building a regional endogenous 
crop production sector for the entire nation. As indicated in Figure 
3, rotations incorporating the objective function value, two output 
coefficients — yields and soil loss, and three types of inputs (land, • 
water, and nitrogen) are constructed. Additional activity sets in the 
model include three types of water activities, a nitrogen purchase 
set of activities, two sets of land conversion activities, a set of 
water hày activities, and the transportation sector. 
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Crop production coefficients 
Crop production activities are defined on each land group In each 
PA. These crop management systems define rotations of one to four 
crops, covering from one to five years, and Incorporate a given conser­
vation and tillage practice. The rotations generate yields and soil 
loss using land, nitrogen, and capital. The endogenous crops can be 
produced by either removing the residue through fall plowing (residue 
removed), maintaining the residue until spring field preparation 
(residue left), or by leaving the residue on the fields year around 
(reduced tillage). Additionally, a maximum of four conservation prac­
tices are Included for each rotation — straight row, strip cropping, 
contouring, and terracing. Thus, for each rotation in each PA there is 
a maximum of 12 crop management strategies, each representing a unique 
combination of residue management and conservation measures. Finally, 
the interrelationships that occur within a rotation are determined and 
adjustments in the coefficients result. These interrelationships include 
the fertilizer value following Xëgume crops and the C factor (in the 
Universal Soil Loss Equation) which is rotation and area dependent. 
Conservation treatments are defined by land group based on infor­
mation provided to CARD from SCS personnel (Table 8) (Nicol and Heady, 
1975). The crop management system is completed by adding one of the three 
tillage practices — residue removed, residue left, or reduced tillage.^ 
^Reduced tillage is defined to include a feasible tillage practice 
for the area which would result in a reduced disturbance of the upper 
soil horizons. In addition, residue must be left year around. 
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Table 8. Allowable conservation practices on the different land groups 
Land Row Strip 
groups cropping Contouring cropping Terracing 
~1 ? 
2 X X 
3 X XX 
4 X X X 
5 X 
^X. = practice allowed. 
Determination of the soil loss levels The gross soil loss, 
determined through the Universal Soil Loss Equation (USLE), represents 
the average annual tons of soil displaced within the field by water 
erosion. This measurement of soil loss does not represent the amount 
reaching the stream or bodies of water, nor does it incorporate that 
which is lost through wind erosion. The USLE as described by Wischmeier 
and Smith (1965) is used to develop the gross soil loss coefficients. 
The soil loss equation is represented by: 
A = R x K x L x S x C x P  
where: 
R is a rainfall erosive factor based on the local area; K is a 
soil erodibility factor for the specific soil determined from 
its erosion under continuous fallow on a 9 percent slope, 72.6 
feet long; L is the slope length factor relative to a 72.6 foot 
slope length; S is the slope gradient factor relative to a 9 percent 
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slope; C Is the crop management factor which relates to a 
particular crop rotation and tillage practice; and P is the 
erosion control practice factor which related to the conser­
vation practice. 
Further detail on the factors and on the computational procedures 
used to calculate them is available from Wischmeier and Smith (1965) 
and Engineering Division of the Soil Conservation Service (1972). 
The above variables are defined as the dominant value existing on 
each soil class and subclass in the reporting area. The KLSR and 
S portions of the equation are determined for each state portion of 
the Land Resource Areas using the 1973 SCS questionnaire (Meister and 
Nicol, 1975) the 1977 National Resource Inventory,^ and the 1978 SCS 
questionnaire (Appendix A). The KLSR and percentage slope are then 
weighted to the PA level by the five land groups using the acres by 
land capability class and subclass and then aggregated to the land 
groups. The rotations and their corresponding factors are derived from 
the 1978 SCS questionnaire as documented in (English, Alt, and Heady, 
ca. 1981a). The tillage C factors, conservation method, and the percentage 
slope are than used to define the P factor. These are then combined to 
give a unique soil loss coefficient for each rotation on each conservation-
tillage practice for each land group in each PA. The soil loss coef­
ficient, thus, reflects the severity of erosion for the conditions that 
prevail for the defined cropping system. 
^Unpublished data, SCS, USDA, May 1979. 
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The crop yield coefficients Two major components are used In 
determining the yields required by each crop management system. The 
base yield for 2030 Is determined through the modified state Splllman 
functions developed by Stoecker (1974) and weighted to the PA level using 
the 1974 Census of Agriculture (Bureau of the Census, 1977). These 
yields are adjusted due to several criteria explained In detail later 
In this section. The second major component Is adjusting the yields to 
reflect the land group and loss In productivity due to soil erosion. 
This component uses equations developed with statistical measures using 
cross-sectional data by Dyke and Hagen.^ 
The 2030 state yields developed by Stoecker's Splllman functions 
take the form: 
Y(t) = (t) + A (1 -
where : 
A is the maximum potential yield response to fertilization; Y(t) 
is the estimated average yield per planted acre of the crop in 
year (t); Y^(t) is the estimated average yield per planted acre on 
unfertilized land in year (t) and developed from a linear trend func­
tion; S^^^ is the number of units Of fertilizer applied to each 
acre of the crop in year (t); PF(t) is the proportion of the acreage 
of the crop receiving fertilizer in the year (t) and developed from a 
linear trend of the proportion of the crop acres receiving fertil­
izer; and t is years after 1949. 
1 Unpublished data. Economics and Statistics Service, U.S. Department 
of Agriculture, May 1979. 
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The X(t) defined above represents: 
X(t) = PO(t) • {In (Px/Pc) - Ln A - [In (-In .8)]}/Ln.8 
where: ; 
In Is the natural log of base e; Px Is the weighted price of a unit 
of fertilizer; Pc is the price of a unit of crop (c); and Po(t) 
is the proportion of the optimum rate of fertilizer applied in year 
(t), developed from a linear trend of the proportion of the optimum 
rates applied. 
The above equations provide two components to the crop management 
system—an estimate of the optimal fertilizer application and the base 
yield. These data are then weighted to PAs using weights developed from 
the 1974 Census of Agriculture (Bureau of the Census, 1977) and these 
weights are determined by; 
^Imk ^iknm^^ ^ Ikm 
m 
1 = 1,..., 17 for the crop number, 
k = 1,..., 105 for the producing areas, 
m = 1,..., for the producing area part in state n, 
n = 1,..., 48 for the continental states. 
where ; 
^imk weight for crop (1) in part (m) of producing area (k); 
^Iknm the acres of crop (1) in state (n) and part (m) of produc­
ing area (k); and A^j^^ is the acres of crop (1) in part (m) of 
producing area (k). 
By multiplying these weights by each of the function coefficients and 
then summing over the (m) for each (o) and (k), PA yields and quantities 
of fertilizer are determined. 
55 
Two adjustments are made to these yields depending on either the 
rotation.and/or the area of the country where the PA is located. Carry­
over nitrogen from legume sources is used in predicting the yields if 
1 • legumes are defined within that rotation. The legume crop, especially 
legume hay, frequently produces more nitrogen than would have been com­
mercially applied. When this happens, a new yield is determined, result­
ing in a higher yield than if the base yield is used. The second 
adjustment to the base yields occurs in summer fallow regions (PAs 47-
105). If a dryland rotation in a summer fallow region has summer fallow 
included in the cropping sequence, then yields are increased 5 percent. 
If the dryland rotation does not have summer fallow, yields are reduced 
19 percent. (Additional adjustments are made in the costs of continuous 
versus summer fallow cropping. These are explained in the cost coeffi­
cient section.) 
The next step in yield determination for the cropping system is to 
adjust the yields according to productivity lost when soil is eroded. 
To achieve this. Dyke and Hagen (1980) estimated dryland and irrigated 
yield equations estimating yields in time t for 21 regions (Figure 7). 
No function is developed for the silages. When adjusting com or sor­
ghum silage yields, the equations for com and sorghum are used. 
The equation takes the form: 
^The fertilizer value provided by legume crops for following 
crops within the rotation is described in the nitrogen coefficient 
section. 
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^clb "mcb ^ ^ mcib ®mci ^  ^  ^ mcjb^mcj "*" ^ ®mckb^mck 
y , V .D , + Ô ,D^ , + e , o + Ç vS + n ,S^ 
mcb mc4 mcl mcb mcl mcb mc2 mcb mc mcb mc 
2 
X ,1 + Eo ,, p , +ZK ,, P _D _ 
mcb mc ^ mclb mcl mclb mcl mcl 
b = 1, ...» 9 representing the nine crops excluding silages; 
c = 2, 5 representing the five land groups; 
i = 2, 3 prepresenting the top three soil horizons; 
j = 1, 4 representing soil subclasses, e, v, s, and c; 
k - 1, ...» 4 representing major soil texture; loam, silt, 
clay and sand; 
m = 1, ..., 21 representing the river basins with three river 
basins split as previously indicated, 
p = 1, ..., n representing producing areas within one of the 
21 regions. 
where; 
a, Z, Y, a, 6, n» X, i, and k, y are regression coefficients; 
®mci ^he dpeth of soil horizon (1) in region (m) and land 
class (c) expressed in inches ; is the percentage of soil 
subclass (j) in region (m) and land class (c); is the per­
centage of major texture (k) in region (n) and land class (s); 
V ,D_ is the percentage of sandy and/or loam soil textures times 
ŒCh 1 
2 
the soil depth of soil horizon A; D „ is a dummy variable in 
mc/ 
region (m) and land class (c) which only occurs if Dl less than or 
equal to two; is the percentage slope in region (m) and land 
class (c); is a dummy variable for irrigation in region (m) 
and land class (c) ; is a producing area dummy variable (1) 
in region (m) and land class (c) ; and is a dry or irrigated 
yield for crop (b) in producing area (1) for land class (c). 
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Mean values are determined for each of the variables and a mean dry 
and/or irrigated 1980 yield for each producing area is determined for the 
crops defined in the model. The depth in soil horizon A is then varied 
to reflect the soil loss rate of a given rotation. This is accomplished 
by taking the annual soil loss in tons, converting it to inches and sub­
tracting the accumulative soil loss to the year of interest from the 
mean soil depth. The yield resulting from this adjustment is divided 
by the mean yield and multiplied by the yield predicted by the Spillman 
function. 
yU ^ 
bmc bm Y, ben 
where ; 
is the 2030 yield used for crop (b) in rotation (r) in PA (n) 
bmc 
and land class (e); Yf is the 2030 yield predicted by the Spillman 
brn 
function for crop (b) in rotation (r) in PA (n); Y^^^ is the adjusted 
yield estimated from the regression function for crop (b) in PA (n) 
and land class (c) and Y, is the mean yield estimated from the ben 
regression function for crop (b) in PA (n) and land class (c). 
Thus, the yields in each rotation are adjusted for the productivity lost 
when soil is eroded. 
Crop production costs The source of the basic data in determin­
ing production costs is the Firm Enterprise Data System (FEDS) (Economic 
Research Service, 1976, 1977). These data are augmented with budgets 
from Agricultural Experiment Station offices and from Eyvindson (1965). 
The total costs of production by crop excluding costs of fertilizer. 
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land, and water are determined. These costs are then weighted from the 
FEDS regions to the producing areas. The total costs are then checked 
to see If all crops defined In each PA are represented. If not, a series 
of regressions are used to determine missing costs (l.e,. silage cost Is 
a function of grain cost or Irrigated hay cost Is a function of dry land 
hay cost). 
The. total costs are broken into four categories — machinery, labor, 
pesticides, and other costs. To achieve this, the average machinery, 
labor, pesticides, and other costs are derived for the 10 USDÂ regions 
(Figure 8). These relationships are used to break down the PA costs. 
Two additional adjustments are made for conservation and tillage 
practices. Timing factors are used to adjust machinery and labor costs 
for contouring, strip cropping, and terracing. Similar adjustments are 
made for tillage practices. The source used for developing these timing 
factors is the 1973 SCS questionnaire (Melster and Nicol, 1975). A 
second adjustment is made for reduced tillage methods of production. 
This adjustment is designed to reflect the trade-off between tillage 
operations and pesticide use. When moisture is not deficient (PAs 1-46), 
It is assumed that a direct trade-off exists between pesticide costs and 
the savings in machinery costs. In arid areas, the adjustment assumed 
consists of adding $3.00 in pesticide costs for each $1.00 decline in 
nonpesticide costs (Melster and Nicol, 1975). 
The costs reflect regional average costs of production, and a 
response to summer fallow is required for those crops normally grown 
in a summer fallow rotation. Costs and yields are adjusted if a 
Figure 8. Ten U.S. Department of Agriculture Farm Program regions 
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rotation Is located in a summer fallow area (PAs 47-105) and does not 
have summer fallow Included. Summer fallowing costs are treated as a 
separate "crop." The relationship is developed by comparing the crop 
rotations in the FEDs budgets which include summer fallow to those which 
are continuous (Economic Research Service, 1976, 1977). In this way, 
an estimate of summer fallow costs is obtained and a ratio of summer 
fallow costs to crop costs is developed. The summer fallow costs in 
the model are calculated from the determined crop costs and the developed 
ratios. 
The cost of terraces is incorporated for those cropping systems 
defined to Include terracing. SCS data provide estimates of the coef­
ficients required to calculate construction costs for terraces. The 
data are provided only for those land groups (III, IV) on which a ter­
racing cost per acre is required. Formulation of the costs is; 
"u = -1 («=13 + ^ Vu 
j = 1, ..., 105 for the producing area, 
j = 1, ..., 5 for the land classes. 
where : 
TC^j is the per cultivated acre terracing costs on land (j); in 
PA (i); CC . is the per acre construction cost of terraces on land 
IJ 
class (j) in PA (i); PW^^ is the proportion of acres of land class 
(j) terraced having grassed waterways for drainage in PA (i); W^j 
is the cost per terraced acre for grassed waterways consistent 
with the terraces on land (j) in PA (i); PT^^ is the proportion 
of acres of land class (j) terraced having tiled outlets for 
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drainage in PA (i); is the cost per terraced acre of tiling and 
drainage consistent with the terraces on land class (j) in PA (i); 
PLT^j is the proportion of all land in class (j) which is feasible 
to terrace in PA (i); and .1 is the factor to adjust for a 10-year 
amortized life of the terrace.^ 
From many cost components the final production cost is determined for 
each cropping management system as: 
^ («Um + + "«iW * 
1 = 1 ,  . t h e  n u m b e r  o f  c r o p p i n g  m a n a g e m e n t  s y s t e m s  I n  t h e  
producing area; 
j  =  1 ,  . 1 0 5  f o r  t h e  p r o d u c i n g  a r e a s ;  
k = 1, ...,10 for the land classes, 1, ..., 5 dryland, and 
6, ..., 10 irrigated; 
m = 1, ..., 17 for only those crops In the cropping system. 
where: 
C , i s  t h e  c o s t  p e r  a c r e  f o r  c r o p  m a n a g e m e n t  s y s t e m  ( 1 )  i n  p r o -
ijk 
dticlng area (j) on land class (k); Is the projected for acre 
machine cost for crop (m) In crop system (1) in producing area (j); 
L.. is the projected per acre labor cost for crop (m) in cropping 
ijni 
system (1) in producing area (j); P^^^ is the projected per acre 
pesticide cost for crop (m) in cropping system (1) in producing 
area (j); Is the projected per acre nonnitrogen fertilizer 
cost for crop (m) in cropping system (1) in producing area (j); 
is the projected per acre other costs for crop (m) in crop­
ping system (1) in producing area (j); is the rotation weight 
A 10-year amortized life for terraces represents a trade-off with 
with a longer amortization period and inclusion of repair and mainten­
ance costs. 
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for crop (m) in cropping system (i) in producing area (j); 
is the per cultivated acre terracing costs on land class (k) in 
producing area (j) (Meister and Nicol, 1975). 
Fertilizer use coefficients The fertilizer coefficients used 
in the model are derived from solving the marginal conditions in the 
Spillman functions and are Independent of land group, conservation prac­
tice, and tillage method. The level of fertilization required to attain 
the projected yields is derived by subtracting the legume provided 
nitrogen from that determined in the Spillman functions. 
Nicol and Heady (1975) report the functions used in estimating 
nitrogen carry-over. For legume hays, two functions are estimated for 
the first and second year nitrogen carry-over. They take the form of: 
2 3 
Nj^ = 50Y - 5Y + .2Y and 
Ng = 8.15 - (81.5).8^ 
where: 
and Ng are the pounds of nitrogen provided in the first and 
second years (respectively) after plowing; and Y is the yield of 
legume hay. 
They report that a similar function is developed for soybeans. It is 
assumed that the first year after a soybean crop, a bushel of beans 
will produce a pound of nitrogen that will be available in the follow­
ing year. 
Thus, if a rotation has no legumes, then no adjustment Is made to 
the nitrogen coefficient. If, on the other hand, the rotation has a 
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legume, then the quantity of nitrogen provided by that crop Is subtracted 
from the projected level of nitrogen needed. 
Water coefficients The water use coefficients for each irrigated 
crop management activity estimate the net diversion requirement required 
for crop growth. Initially, gross diversion requirements are determined 
for each defined crop in each PA by: 
GDR^^ = ciRju 
(lE^) (DE^) 
i = 1, ..., 105 for the producing areas, 
u = 1, ..., 17 for the endogenous crops. 
where : 
CIR^^ is the quantity of water required by crop (u) in producing 
area (1); lE^ is the Irrigation or on-farm efficiency of crop (u) 
in using the water applied;^ and DE^ is the canal or delivery 
system efficiency between the diversion point and the farm. 
The gross diversion requirements are then used in determining the net 
diversion requirements by; 
° - "«iul 
1=1, ..., 105 for the producing areas, 
u = 1, ..., 17 for the endogenous crops. 
1 
On-farm efficiency is affected by the exposed surface of the land 
and by the water holding ability of the crop. 
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where: 
GDR^^ and CIR^,^ have been previously defined and RF^ is the percent­
age of water not used by the crop and returned for reuse.^ 
The water sector coefficients 
Five sets of activities delineating the water sector are incorpor­
ated within the modeling framework. These activities include water 
purchase, water depletion, water transfer, water efficiency, and water 
hay. The water purchase activities allow the buying of dependable sup­
plies of surface and groundwater; whereas, the water depletion activities 
define the amount of groundwater available for depletion. Water that 
is left unused in a FA can be transferred to downstream FAs or through 
existing canals to other river basins through the water transfer activi­
ties. A final set of activities reflect the possibility of increasing 
the efficiency of water conveyance and application. The water hay activ­
ities allow irrigated exogenous hay land to revert to dryland hay. This 
supplies water to the water sector but requires additional nonlegume 
hay to be produced on the endogenous cropland. For additional informa­
tion on the water sector, see Colette (1976). 
The purchase activities define the quantity of dependable water 
supplies available to agricultural production at a determined price. 
The water supply in each PA (FAs 48-105) is derived in a manner consis­
tent with Colette (1976). The supplies are defined by; 
^Evaporation, phreatophytes, hydrophytes, etc., account for this 
loss in water. The data for the coefficients in the above equations 
are provided by the Special Projects Division (1976). 
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= =175 + (-? :"i) - '™it - "-It -
where: 
Is the water supply available for endogenous crops for produc­
ing area (i) in year (t); is the consumptive water use by 
crops in 1975 in producing area (i); u^^ is the monthly surface out­
flow from producing area (i) during the main irrigation months of 
principal crops; is the depletion of groundwater reservoir 
supplies in producing area (i) by year (t); and is the pro­
jected consuiiq>tive water of livestock in producing area (i) in 
year (t). is the projected consumptive water of exogenous 
crops in the producing area (i) in years (t). 
As previously mentioned, and are estimated and expressed 
in the water right-hand-sides. is the estimated depletable ground­
water based on either the projected or the present depletion rates 
(Colette, 1976) and acts as a bound on the depletion activities which 
are defined for PAs 54, 55, 63, 65, 66, 67, 68, 72, 74, 75, 80, 87, and 
103. Only during the primary growing season for the agricultural crops 
in a given PA is surface outflow from a PA considered available for 
agricultural use. Additionally, since the surface outflow overestimates 
that which is available for use, it is assumed that 70 percent of this 
flow can be used (Colette, 1976). 
The model also allows surface water to be transferred between pro­
ducing regions within a river basin through natural flows and within 
and between river basins through man-made methods of transporting water. 
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It is assumed that the man-made facilities must either be in place or 
presently under construction. These transfers are limited by present 
capacity (or estimated future capacity in the case of man-made facilities 
currently under construction). In addition, Colette (1976) determined 
the transfer losses that occur when water use differs from water origin. 
These are incorporated into the modeling framework (X^ ^  in Figure 3). 
Two sets of water prices are Included in the objective function (one 
set for dependable and another for depletable water supplies). The 
prices of surface water are acreage weighted, average reimbursable costs 
of Bureau of Reclamation (BR) water projects. For PAs in which BR data 
are not available, the water price of an upstream adjacent PA is assumed. 
Since the crop water coefficients assume net diversion rather than gross, 
these water prices are Increased to reflect deep percolation and farm 
waste. The depletion prices are based on the assumption that as long as 
it Is profitable to exploit the water reserve, depletion will occur. 
Therefore, the depletable activity's costs are determined using a 
shadow price differential for irrigated and nonirrlgated land for the 
nine river basins where Irrigation is defined. This differential is 
then divided by the average water used in a given PA. For further 
information on water price calculations, see Colette (1976). 
The third set of activities in the water sector are irrigation 
efficiency activities. These activities allow for an augmenting of the 
^These costs were determined from unpublished data sources by 
William G. Boggess, former staff economist at CARD and now the University 
of Florida. Derivation of the water prices are consistent with 
the methodology used in Colette (1976). 
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water supply by reducing evaporation and leakage losses. To develop 
these activities defined for PAs 48-105, data were provided by the Soil 
Conservation Service for each Major Land Resource Area within each state. 
Before and after efficiencies were estimated for three components on-
farm mainline vonveyance, field distribution systems, and irrigation 
water application. For each of these coiiq>onents, before and after effi­
ciencies were determined for three different Irrigation systems — surface 
sprinkler, and trickle. These components are derived from the 1978 
Soil Conservation Service questionnaire as documented in English, Alt, 
and Heady 1981. 
. These efficiencies are then aggregated to the state level assuming 
the same irrigation system distribution that existed in 1976. Data found 
in the Irrigation Journal (Anonymous, 1976), are used to derive the 
weights. The following equations are used to determine state irrigation 
efficiency. 
IE 
spqt 
2 IE ^ 
mpqt 
s = 1 to 17 representing each of the 17 irrigated states; 
p - 1 to 3 representing the three irrigation components; 
q =1 to 3 representing the three Irrigation systems; 
t = 1 to 2 depending on whether the efficiency represents 
before or after Implementation; 
m = 1 to n representing the number of MRLAs within state(s) 
that have irrigation efficiency data. 
where: 
lEspqt is the before or after (t) irrigation efficiency for 
state(s), component (p) and irrigation system (q); and 
is thé before or after (t) irrigation efficiency for Major Land 
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Resource Area (m) within state (s), component (p), and irrigation 
system (q). 
The data from the above equation are then used to determine the overall 
before and after efficiencies by state and irrigation system. 
^®sqt ~ ^®slqu * ^ ^Zqt * ^ ®s3qt 
where: 
Is the overall before and after (t) irrigation efficiency 
for state (s) and irrigation system (q). 
To derive an overall per acre efficiency, the following equation is 
used: 
Z IE _ * A 
where: 
A is the percentage of acres irrigated in state (s) by irrigation 
sq 
. system (q); and lE^ is the per acre irrigation efficiency increase 
in state (s). 
Thus, if IE = 1.12, it would be interpreted as a 12 percent increase 
S 
in water efficiency could result if investments are made to meet the 
projected efficiencies assuming no change in water application efficiency 
and that the present irrigation system's distribution remains constant. 
These efficiencies are then weighted to the PA level based in 1974 
irrigated lands (Bureau of the Census, 1977). 
The per acre costs associated with achieving this increased effi­
ciency in 1975 dollars amorltlzed for a 20-year life span are $31.36 for 
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for Major Land Resource Areas (MLRÂ) 1-49, $21.33 for MLBAs 50-87, $24.88 
1 
for MLRAs 88-122, and $30.49 for the MLRAs in the Gulf Coast area. These 
costs are transformed into per acre-foot costs by multiplying the per 
acre cost times the amount of acres irrigated by endogenous crops in 1975 
within the PA and then dividing by the estimated amount of acre-feet 
used in 1975 by those irrigated endogenous crops. 
The final set of activities that influence the amount of water avail­
able for endogenous crops is the water by activities. These activities 
are bounded (B^ in Figure 3) by the quantity of irrigated nonrotation 
hay presently grown as reported by the NRI and weighted to PA by state-
to-PA weights developed by the CNI county data (1971). Two sets of 
matrix coefficients are required. These include the water supplied by 
converting irrigated hay land to dry (X^ in Figure 3), and the hay 
differential that occurs as a result of this conversion (Xg in Figure 
3). The water supplied coefficient is derived from the irrigated hay 
water coefficients, developed, as reported, in the crop production sec­
tion of this chapter. The differential in hay yields were determined 
2 by Boggess. 
^Information provided by Mack Gray, Soil Conservation Service, U.S. 
Department of Agriculture, August 1979. 
2 
William 6. Boggess is a former staff economist at the Center for 
Agricultural and Rural Development and currently is an assistant 
professor in the Agricultural Economics Department, University 
of Florida. 
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Nitrogen purchase activities 
1 
Normalized state nitrogen prices for 1975 are weighted to market 
region using the 1974 Census of Agriculture's state and county commercial 
fertilizer use data (Bureau of the Census, 1977). This set of activities 
Is unbounded, which allows the model to purchase as much nitrogen as 
required for the optimal solution. Nitrogen fertilizer use Is not con­
straining. 
Land development and conversion activities 
]Vo types of land conversion activities are included In the model. 
The first set allows the model to determine If additional Irrigation 
land Is desirable. The second set converts forest and pasture lands, 
identified as being in the capability subclass II or III , to cropland. 
w w 
Each of these types of land conversion activities allows land development 
by PA. 
Projected public irrigation developments are current estimates 
provided by the Bureau of Reclamation and include 85 percent of the 
full-service acreage in authorized and funded projects expected to be 
in place by 2000 (Table 9). It is assumed that only replacement and 
maintenance funds will result after the year 2000. Thus, the land base 
for 2030 assumes the same quantity of land development occurring from 
public investment as the 2000 estimates. The projected acres of public 
irrigation are distributed to the irrigated land groups and added to the 
right-hand side of the land base. The quantity of land added is then sub­
tracted from the quantity of land in the first four dry land groups. For 
^Provided by Klaus Alt, Economics Statistics Service, Iowa State 
University, Ames, Iowa, 1977. 
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Table 9. Projected additional public and private irrigated land develop­
ment by producing area, 2030 
Producing Projected additional 
area Private Irrigation public irrigation 
(thousand acres) —- - -
52 78.97 6.52 
53 17.81 244.05 
54 445.95 6.98 
55 1,053.54 270.00 
71.13 0.00 
57 9.09 0.00 
58 466.24 0.00 
59 600.28 0.00 
62 28.82 0.00 
63 1,337.31 0.00 
64 27.65 0.00 
65 197.72 0.00 
66 24.99 0.00 
67 34.72 0.00 
68 347.91 0.00 
69 10.10 0.00 
70 5.01 0.00 
71 14.32 0.00 
72 174.53 0.00 
73 8.23 0.00 
74 38.99 0.00 
75 15.39 0.00 
76 16.11 0.00 
77 32.88 0.00 
78 46.86 4.24 
79 8.95 0.00 
80 30.45 0.00 
81 38.30 0.00 
82 0.00 52.76 
83 17.79 58.52 
84 14.73 108.80 
85 3.21 0.00 
87 122.61 0.00 
88 37.38 17.50 
89 0.00 26.24 
91 50.77 0.00 
92 0.00 3.60 
93 156.86 256.70 
94 726.99 49.00 
96 15.21 11.20 
^Source (Meister and Nicol, 1975). 
Table 9 (continued) 
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Producing Projected additional 
area Private irrigation public irrigation 
(thousand acres) -
97 6.72 0.00 
98 9.27 0.00 
99 16.17 0.00 
101 128.15 0.00 
102 0.00 14.70 
105 1.18 0.00 
Total 6,488.66 1,392.24 
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additional information on these estimates see Meister and Nicol (1975) 
1 
and Huang, Schraufnagel, and English. 
Private irrigation developments are not included in the irrigated 
land base. Private development acreage for each ASA in the OBERS Series E' 
projections (U.S. Water Resources Council, 1975) is available for transfer 
to the irrigated cropland base through the economic decision processes 
of the LP model. The bounds for these activities are estimated by PA 
assuming the E' projections for the year 2020. 
As reported in Nicol and Heady (1975), it is assumed that invest­
ments in irrigation wells, structures, and major land preparation are 
sunken investments and do not enter into production and land use decisions 
simulated in the LP model. Development costs of uncompleted but author­
ized and funded public irrigation projects are assumed to be committed. 
Prospective investments in private irrigation development are subject to 
future economic forces, however; and all costs should be variable in the 
LP model. A representative annual irrigation development cost is calcu­
lated for each PA with projected private irrigation development, and the 
depreciation and interest on well investments is assumed as equaling the 
2 development costs. 
Working paper entitled "Estimation of Land Availability in the CARD-
NRED System," Center for Agricultural and Rural Development, Iowa State 
University, Ames, Iowa, 1981. 
^The Agricultural Resource Assessment System (ARAS) Technical . 
Committee reasoned that private irrigation development would involve 
groundwater rather than surface water sources, that few permanent struc­
tures are associated with pump Irrigation, and that future irrigation 
development would utilize the center pivot distribution method which 
requires minimal land preparation. 
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The second set of land development activities is based on the 
average annual rate^ of conversion determined for each land resource 
area and the inventory acreages of Class 11^ and III^ pasture land and 
forest land in each PA. An annual rate was applied to the declining 
balance of wet soils in projected acreage conversion by FA to a maximum 
of 90 percent of the available acreage (Table 10). Conversion cost data 
for clearing and drainage are obtained from the 1973 SCS questionnaire 
and weighted by acreage conversion estimates to compute conversion costs 
by PA (Meister and Nicol, 1975) (Table 11). 
The transportation sector 
Interregional interdependence is reflected through the transporta­
tion sector. Transportation routes are defined between all contiguous 
regions for barley, com, oats, sorghum, soybeans, and wheat. In addi­
tion, long haul routes are defined between nonadjacent market regions 
if mileage is reduced by 10 percent or more over the accumulated short-
haul routes. The costs of transportation are based on the 1975 rail 
rates and the mileages between the origin and the destination of the 
commodity. Further information is available in Meister and Nicol (1975). 
1 
Data on the amount of land converted, the rate of conversion, and 
the associated costs were provided by the ARAS Technical Committee for 
the year 2000 and projected to the year 2030 using these rates, costs, 
and the 1977 NRI land data base. 
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Table 10. Potential wetland development by river basin, 2030 
River basin 
Maximum pasture 
conversion 
Maximum forest 
conversion 
New England 65.57 
Middle Atlantic 35.iT  
South Atlantic 1,510.97 
Great Lakes 663.20 
Ohio 1,072.01 
Tennessee 292.26 
Upper Mississippi 1,739.30 
Lower Mississippi 2,321.18 
Sourls-Red-Ralny 277.11 
Missouri 1,092.88 
Arkansas-White-Red 405.31 
Texas-Gulf 28.60 
Rio Grande 0.00 
Upper Colorado 0.00 
Lower Colorado 0.00 
Great Basin 0.00 
Columbia-North Pacific 0.00 
California-South Pacific 0.00 
U.S. Total 9,504.16 
-(thousand acres) 
81.16 
481.17 
5,389.09 
1,374.18 
923.59 
317.02 
1,315.51 
2,884.84 
265.96 
234.82 
242.06 
14.71 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
13,524.11 
^In some cases, exogenous land uses (i.e., urban expansion and. 
exogenous crop use) required more land than the crop land base would 
pemnlt. Thus, amounts of forest and pasture lands were reduced to 
meet these needs. Subsequently, the amount of lands available for . 
conversion to cropland was reduced. 
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Table 11. Weighted average costs for clearing and drainage of 
pasture and forest lands (costs are amortized over 
20 years)* 
Production Pasture Forest 
area dollars/acre dollars/acre 
6 27.082 45.98 
11 32.885 89.88 
13 31.099 86.30 
14 20.683 70.23 
15 43.747 72.91 
16 42.259 72.91 
18 45.979 66.66 
19 2.381 17.86 
20 6.250 18.01 
21 7.589 20.83 
22 3.87 16.37 
25 37.35 93.74 
27 46.28 96.87 
29 23.81 31.10 
31 56.25 93.74 
32 58.03 96.13 
34 19.6 45.68 
35 34.82 86.30 
36 19.49 42.56 
37 33.78 92.11 
38 15.33 45.98 
39 46.28 47.77 
40 48.36 67.26 
41 48.36 40.18 
42 21.28 45.68 
43 22.30 65.92 
44 26.78 45.53 
45 4.76 19.64 
46 2.53 19.94 
47 9.52 14.73 
53 5.36 5.65 
55 29.61 59.37 
56 48.21 77.97 
57 2.98 33.93 
60 2.98 33.33 
61 18.01 19.34 
64 7.59 33.63 
69 6.10 19.94 
70 6.10 19.79 
*AKAS Technical Committee [1975]. Data from ABAS Technical 
Committee were updated to 1975 dollars. 
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CHAPTER III. SOIL LOSS AND LAND USE 
There are three basic "inputs," land, labor, and capital, used in 
agricultural production. The productivity of the land depends in part 
upon human and nonhuman capital. The skill and knowledge of applying 
that capital in order to maintain or increase agricultural productivity 
as well as the technology applied to conserve and enhance the land is 
essential for man's future existence. 
Traditionally, agricultural activities involve tilling the soil to 
improve soil conditions for plant growth. As the land is tilled, fertil­
izers, pesticides, herbicides, and other materials are incorporated into 
the soil. A purpose of tillage is to prepare suitable seedbeds, thus, 
enhancing germination of planted crops. In addition, soil conditions 
are,improved which provides freer movement of air and water through the 
soil. 
Soils have characteristics that limit their use or necessitate 
special treatment. As stated in Chapter II, Land Group I has few limita­
tions or inherent weaknesses that affect its use as cropland. The need 
for erosion control, water management practices, or other special amend­
ments is minimal. Land Groups II-V. are limited by erosion susceptibility, 
depth of soil, excess water, and climate. These limitations have an 
impact on future productivity. 
Erosion and sedimentation occur naturally through geological pro^ 
cesses. Many agricultural activities, however, accelerate these processes. 
While other undesirable results such as sédimentation, leaching, or runoff 
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of soil nutrients result from agricultural production, the greatest 
concern is the loss of topsoil. 
Although not always required for crop production, topsoil is a 
better medium for crop growth because it contains more organic matter 
and plant nutrients than the underlying material. Thus, to preserve 
this topsoil, as pointed out in Chapter X, considerable time and money 
have been expended by farmers and the U.S. Department of Agriculture in 
an effort to reduce soil erosion. However, trends toward larger acre­
ages of continuous row crops, large-scale machinery, and other intensive 
methods associated with modem agriculture have increased the exposure 
of cropland to erosion. 
This chapter examines the changes that are likely to occur in 
land use and cropping practices if efforts are made to conserve this 
nation's soil. Additionally, this chapter examines land use impacts 
if today's level of erosion is continued into the future. This is 
achieved by restricting (increasing in the 1977 Soil Loss Limit solution) 
the amounts of soil erosion allowed in each producing area. The 2030 
moderate supply — moderate demand (Scenario II) base indicates that if 
differential long-term yields resulting from post soil loss are incorpo­
rated in the farmers' planning horizon, gross soil erosion would be 1.26 
billion tons. The majority of the erosion occurs along the Missouri and 
Misslppi rivers and in the Great Plains (Figure 9). The heaviest pressure 
on a per acre soil loss basis in the Base occurs along the Missouri and 
Mississippi rivers and in the Western Gulf regions (Figure 10). As 
allowed soil loss declines to 80 percent of the Base, there is still one 
Gross soil loss 1,000 tons 
0-1,000 
1,000-10,000 
10,000-50,000 
50,000-100,000 
>100,000 
00 
o 
Figure 9. Gross soil erosion by producing area for the Base solution 
Figure 10. Per acre soil loss by producing area. Scenario II, 2030 Base 
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PA producing at an erosion level of 10-15 tons per acre and many more 
at the 5-10 ton levels. However, as soil loss allowed Is reduced further, 
the levels of erosion approach T values in nearly all of the producing 
areas (Figures 11, 12, and 13). When soil loss is required to be at the 
1977 levels of erosion, almost the entire eastern part of the country 
is at levels greater than five tons per acre and some regions of the 
country are losing soil in excess of 15 tons per acre (Figure 14). 
As soil loss is reduced, total land used declines slightly from 
365.1 in the Base to 363.2 million acres when soil loss is reduced 60 
percent (Table 12). Very few changes occur between the land groups used 
in producing the endogenous crops. Land used by irrigation increased 
by 2.5 million acres while dryland production decreased 4.3 million when 
comparing the Base to the 40 Percent Soil Loss Allowed solution. 
When soil loss is forced to the 1977 levels, changes in land use 
occur. Total land use increases only 0.2 million acres with dryland 
production occurring on 333.7 million acres and irrigated crop production 
on 31.6 million acres. The quantity of irrigated land increases by 
nearly 4 million acres while dryland production declines. Some of these 
changes can be attributed to the soil loss restraint. (The soil loss 
restraint will force more erosive land into production in an attempt to 
meet this restraint.) However, the projected reduction in yields due to 
the loss of productivity when soil loss occurs results in increasing 
the amount of irrigated land required so that the demand levels can be 
met. 
Figure 11. Per acre soil loss by producing area, 80 Percent Soil Loss Level solution 
Figure 12. Per acre soil loss by producing area, 60 Percent Soil Loss Level solution 
Soil loss per acre 
(in tons) 
•  0 - 3  
B3I 5-10 
10-15 
> 15 
Figure 14. Per acre soil loss by producing area, 1977 Soil Loss Limit solution 
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Table 12. Endogenous land use for the United States by land class 
and alternative 
Cropland 1977 
type and Soil loss constrained at; Soil loss 
land group Base 80 60 40 level 
-(million acres) 
Dryland: 
I 68.76 a 68.80 68.37 68.72 68.43 
(18.13)* 
II 170.25 170.16 170.16 168.25 167.87 
III 65.91 65.99 66.05 65.28 64.81 
IV 21.53 21.39 21.42 21.44 20.92 
V 10.90 10.76 10.70 10.28 10.63 
Total 337.35 337.10 336.70 332.97 332.66 
rlgated: 
I 9.11 9.07 9.04 9.28 9.46 
II 13.23 13.33 13.32 15.05 15.59 
III 3.91 2.92 2.92 3.48 3.61 
IV 2.28 2.28 2.30 2.17 2.67 
V 0.20 0.20 0.16 0.23 0.24 
Total 27.73 27.79 27.74 30.21 31.57 
^Land Group I Includes the quantity In parentheses which Is developed 
wetland. 
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Two additional aspects of land use are land development and dry 
to Irrigation conversion. As soil loss allowed declines, land develop­
ment declines from 18,132 to 17,277 thousand acres and Irrigation develop­
ment increases from 5,874 to 6,651 thousand acres when comparing the Base 
to the 40 Percent Soil Loss Allowed solution. There is no change from 
the Base in the quantity of land development when soil loss is forced 
in at the 1977 level of erosion, but irrigation development increases 
1.6 million acres. 
Another factor which takes place when reduction in soil loss is 
desired is a change in the type of rotations practiced on the various 
land groups. As allowed soil loss declines, movement from continuous 
row cropping to rotations containing some small grain and/or hay takes 
place (Table 13). When comparing the 40 Percent Soil Loss Allowed solu­
tion to the Base, even though a decline in row cropped acreage results, 
an Increase of 4 and 7 million occurs when row crops make up 25 and 50 
percent of the rotation. Continuous row cropping declines by 11 million 
acres when soil loss allowed is reduced by 60 percent of the Base. This 
trend is reversed when soil loss is equal to the level that occurred in 
1977. Increased continuous row cropping (15 million acres) is practiced 
In this solution when compared to the Base. Rotations with more small 
grains and/or hay than row crops are reduced in importance. The results 
indicate that one of the responses available to the farmer, when a reduc­
tion In soil loss is desired, is to change his rotational practices. He 
achieves this by including small grains and/or hay in the rotation. The 
farmer switches from, for example, a com, soybean rotation to perhaps 
a com, oats, hay, hay rotation. 
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Table 13. Row crop acres by percentage of rotation sequence by alterna­
tive and land group 
Alternative 
and 
Percentage of the rotation 
land group 25 50 75 100 Total® 
Base: 
Land Group I 4,254 15,756 7,803 40,576 68,391 
II 15,422 42,427 19,132 70,955 147,938 
III 4,322 13,117 5,143 27,769 50,352 
IV 2,738 2,046 3,842 5,935 14,563 
V 556 913 1,216 2,300 4,986 
Total 27,294 74,262 37,138 147,536 286,232 
80 Percent Soil Loss Level: 
Land Group I 4,147 20,710 4,616 38,908 68,383 
II 15,263 49,000 15,415 69,078 148,757 
III 4,544 13,987 6,315 25,750 50,597 
IV 2,789 2,602 3,296 5,498 14,187 
V 664 665 1,216 1,612 4,159 
Total 27,409 86,966 30,860 140,848 286,084 
60 Percent Soil Loss Level: 
Land Group I 4,579 21,169 4,063 37,648 67,462 
II 15,335 46,554 18,462 69,377 149,730 
III 4,726 13,886 6,316 26,539 51,468 
IV 2,339 2,931 1,978 6,252 13,502 
V 594 531 1,112 1,498 3,737 
Total 27,576 85,074 31,934 141,316 285,901 
40 Percent Soil Loss Level: 
Land Group I 5,274 21,462 2,583 32,591 61,912 
II 18,508 44,778 20,099 62,953 146,339 
III 5,106 11,777 8,703 31,429 57,017 
IV 1,830 3,286 2,166 7,723 15,007 
V 735 417 761 1,631 3,545 
Total 31,455 81,722 34,314 136,329 283,822 
^Totals incorporate rounding error. 
Table 13 (continued) 
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Alternative Percentage of the rotation 
and sequence that Is row cropped; 
land group 25 .50 .75. .100 Total* 
-(thousand acres) 
1977 Soil Loss Level: 
Land Group I 5,591 8,712 10,642 39,145 64,092 
II 11,555 33,943 19,438 87,399 152,336 
III 5,496 12,644 4,632 24,016 46,789 
IV 1,606 2,796 2,004 8,686 15,093 
V 609 865 1,442 2,781 5,697 
Total 24,859 58,962 38,159 162,028 284,010 
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Not only are there changes in the rotational practices, but also, as 
soil loss allowed declines, large changes are required in both conser­
vation and tillage methods practiced by farmers. In the Base solution, 
less than 10 percent of the endogenous cropland farmed is in methods of 
alternative conse:rvation practices other than straight row with more 
than 50 percent of land under reduced tillage methods of production 
(Table 14). When the allowed soil loss is decreased to 40 percent of 
the Base, nearly one-half of the land endogenously cropped is under 
conservation practices other than straight row. This trend is also 
prevalent when soil loss is reduced 20 and 40 percent from the Base. 
Shifts also occur between land groups as allowed soil loss decreases. 
The shift from straight row to contour practices on Land Group II 
is immense (Table 15). In the Base, only 1.5 million acres are farmed 
using contour methods. This increases to 28.8, 76.9, and 124.5 million 
acres when soil loss is reduced 20, 40, and 60 percent from the Base. 
In the Base, 66 percent of Land Group I is in reduced tillage. (When 
soil loss allowed is reduced 20, 40, and 60 percent from the Base, 68, 
70, and 78 percent of the land in Land Group I is farmed under reduced 
tillage, respectively.) On Land Groups III and IV, movement from straight 
row to contouring and terracing occurs, and Land Group V does not have 
many large national shifts. 
Less land (9 million acres) is in straight row conservation prac­
tices (334.3 million acres) when the 1977 Soil Loss Level solution is 
compared to the Base. In addition, 30 million acres are in some kind 
of conservation practice other than straight row (an increase of 9 
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Table 14. Land use by conservation and tillage practice and alternative 
Conservation 1977 
and tillage Soil loss constrained at: Soil loss 
practice 80 60 40 level 
(million acres) 
Straight Row: 
Fall plowed 12.44 9.49 6.11 39.52 
Spring plowed 107.02 79.57 49.75 167.96 
Reduced tillage 184.32 149.08 114.14 126.80 
Total 303.78 238.14 170.00 334.28 
Contour: 
Fall plowed 0.15 0.28 0.43 0.53 
Spring plowed 14.16 25.00 27.68 3.24 
Reduced tillage 14.50 51.57 96.40 2.27 
Total 28.81 76.85 124.51 6.04 
Strip Cropping: 
Fall plow 0.43 0.76 1.56 1.16 
Spring plow 4.61 6.14 4.39 1.97 
Reduced tillage 7.08 10.37 5.50 2.35 
Total 12.12 17.27 11.45 5.48 
Terracing: 
Fall plowed 0.80 1.74 3.61 0.52 
Spring plowed 14.15 20.60 28.95 14.48 
Reduced tillage 5.24 9.84 24.65 3.43 
Total 20.19 32.18 57.21 18.43 
Grand total 364.90 364.44 363.17 364.23 
Table 15. Land use by conservation and tillage practice for each alternative and land group 
Conservation tillage practice 
and 
land group 
Straight row Strip crop Contour Terrace 
RR^ RL RT RR RL RT RR RL RT RR RL RT 
Base: 
Land Group I 6.5 21.0 50.4 _b _ _ 
II 3.3 80.5 98.1 0.0 NS*^ 1.5 - - - - - -
III 2.6 25.2 23.9 - - - 0.0 3.3 2.7 .5 8.5 1.9 
IV 1.1 9.9 9.5 - - - 0.0 NS 0.7 0.0 2.2 0.4 
V 0.4 2.2 8.6 - - - - - - - - -
Total 13.9 138.8 190.6 0.0 NS 1.5 0.0 3.2 3.4 .5 10.7 2.4 
80 Percent Soil Loss Allowed: 
Land Group I 7.0 17.5 53.3 — - — - - - — — -
II 2.7 60.2 91.7 0.1 14.2 14.5 - - - - - -
III 2.2 20.6 22.5 - - - .1 3.5 4.8 .6 10.7 3.9 
IV 0.4 6.8 7.8 - - - .3 1.1 2.3 .2 3.4 1.4 
V NS 1.9 9.0 - - - - - — — - -
Total 12.4 107.0 184.3 0.1 14.2 14.5 .4 4.6 7.1 .8 14.1 5.2 
60 Percent Soil Loss Allowed: 
Land Group I 6.1 16.8 54.5 — — — — — — — — 
II 2.3. 44.4 59.9 0.3 25.0 51.6 — - - - - -
III 0.9 14.8 17.7 - - , - 0.4 5.1 7.8 1.3 13.3 7.7 
IV 0.2 2.3 7.4 - - - 0.3 1.1 2.5 0.5 7.3 2.1 
V 0.0 1.3 9.6 — - — — - — — — -
Total 9.5 79.6 149.1 0.3 25.0 51.6 0.8 6.1 10.4 1.7 20.6 9.8 
40 Percent Soil Loss Allowed: 
Land Group I 3.6 11.2 52.2 - - - - - - - — -
II 2.1 32.3 24.4 .4 27.7 96.4 - . T" - - — -
III 0.4 4.4 13.6 - - - 1.2 3.6 3.6 3.2 18.3" 20.5 
IV NS 0.6 4.7 - - - 0.4 0.8 1.9 0.4 10.6 4.2 
V 0.0 1.2 9.3 - - - - - - - - -
Total 6.1 49.8 114.1 .4 27.7 96.4 1.6 4.4 5.5 3.6 29.0 24.7 
n Soil Loss Levels: 
Land Group I 10.0 39.7 28.2 — — _ — — — — — — 
II 18.5 99.8 59.2 .5 3.2 2.3 - - - - - -
III 3.9 79.6 26.6 — - — .8 1.6 2.1 0.5 10.4 2.9 
IV 5.7 6.5 5.7 — - - .3 .3 .2 NS 4.1 0.6 
V 1.3 2.4 7.1 - - - - - - - - -
Total 39.5 168.0 126.8 .5 3.2 2.3 1.2 2.0 2.4 0.5 14.5 3.4 
^RR indicates residue removed in the fall, RL indicates residue left until spring, and RT indicates 
reduced tillage. 
indicates that this practice for this land group is not defined in the model. 
indicates that less than 100,000 acres came into solution. 
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million when compared to the Base). Where the real impact occurs is in 
the tillage practices. (Much less reduced tillage methods, when compared 
to the Base, are used in the 1977 Soil Loss Level solution.) 
The average per acre soil loss moves from 3.46 tons per acre in the 
Base to 1.68 tons per acre in the 40 Percent Soil Loss Level solution. 
When soil loss is constrained to present levels, the per acre soil loss 
is 5.12 tons. Generally, as soil loss is reduced, the per acre soil loss 
on each combination of conservation and tillage practice declines (Table 
16). With some combinations, however, per acre soil loss increases as 
allowed soil loss is reduced. This occurs in the terracing fall plow 
combination in both the 80 and 60 Percent Soil Loss Level solutions. 
When comparing the 60 to the 80 Percent Soil Loss Level solution, and 
when residue is left on the ground until spring (residue left) under 
contour farming, the per acre soil loss Increases from 1.5 to 2.53 tons. 
These Increases are primarily due to two factors. The first factor is 
that an Increase in the quantity of erosive lands being farmed under 
this combination occurs. Secondly, more erosive crops are placed on 
these farming practices. 
Cropping patterns change on each land group as soil loss changes 
from the Base. As reflected in Table 17, on Land Group I, com and 
sorghum acreage increases as allowed soil loss is changed and declines 
for the most part on the more erosive land groups. On Land Group IV, 
small grains Increase the percentage of their acreage (29.8 percent 
in the 40 Percent Soil Loss Level solution) reflecting a change in 
rotation practices previously explaliied. 
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Table 16. Per acre soil loss by conservation and tillage practice 
and alternative 
Alternative 
and conservation 
tillage practice 
Soil loss levels at: 
Base 80 60 40 
1977 
Soil loss 
level 
Straight Row; 
Contour: 
(tons ^ er acre) 
Residue removed 5.07 3.78 2.91 1.89 
Residue left 5.23 4.62 3.71 2.89 
Reduced tillage 2.23 2.02 1.28 1.50 
15.61 
5.04 
2.76 
Residue removed - 1.13 1.24 0.93 
Residue left 4.93 1.50 2.53 1.14 
Reduced tillage 2.25 1.47 1.15 1.01 
Strip Crop: 
Residue removed - 3.50 3.17 1.87 
Residue left 2.15 1.92 1.42 0.82 
Reduced tillage 5.39 3.47 1.72 0.85 
Terracing: 
Residue removed 0.60 1.20 1.04 1.17 
Residue left 0.92 0.91 0.80 0.72 
Reduced tillage 1.11 1.06 0.94 0.75 
5.23 
2 .22  
1.90 
2.06 
1.85 
2.00 
1.91 
0.89 
0.87 
^Did not come into solution. 
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Table 17. Crop acreages for small grains, com and sorghum, soybeans, 
and cotton, for the Base and percentage changes for its 
alternatives in Land Group I, II, III, IV, and V 
Land group 
and 
crop type 
Soil loss constrained at: 
Base 80 60 40 
1977 
Soil loss 
limit 
Land Group I; 
Small grains^ 
Com and sorghum 
Soybeans 
Cotton 
(thousand 
acres) 
14,659 
21,687 
24,064 
1,881 
- - (percentage change from the Base)- - -
-0.8 
25.7 
—6.6 
-17.6 
2.5 
22.2 
-11.2 
38.9 
5.4 
2.0 
-11.6 
49.7 
-7.9 
28.0 
-15.7 
-40.2 
Land Group II; 
Small grains 55,834 -5.7 -2.0 -1.4 
Com and sorghum 45,676 -r3.8 -0.8 1.6 
Soybeans 56,876 2.3 2.9 -5.0 
Cotton 4,963 7.2 -22.5 -25.6 
-1.7 
-5.3 
6.9 
-0.6 
Land Group III: 
Small grains 30,947 -3.1 -7.8 -17.7 
Com and sorghum 10,780 2.4 1.0 27.1 
Soybeans 22,646 -49.4 -44.6 -23.9 
Cotton 1,339 -8.5 -6.5 11.5 
-7.0 
—0.8 
-52.4 
-27.2 
Land Group IV: 
Small grains 8,408 -2.4 13.7 29.8 
Com and sorghum 4,159 -2.1 -7.6 1.4 
Soybeans 1,766 -6.5 -52.0 10.3 
Cotton 283 10.2 123.3 19.1 
17.5 
-11.2 
86.8 
157.2 
Land Group V: 
Small grains 2,826 -14.4 -18.5 -18.9 
Com and sorghum 1,656 -9.8 -28.0 -35.3 
Soybeans 949 -60.9 -69.7 -86.3 
Cotton 128 -3.9 39.8 35.9 
-8.5 
41.1 
-28.1 
25.8 
^Includes barley, oats, and wheat. 
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The Interaction between land group, cropping patterns, and conservation-
tillage practices has a large impact on land shadow prices when the soil 
I 
loss allowed declines or when the present level of soil loss is fixed. 
The model determines land prices endogenously as the shadow prices of 
land constraints. These prices represent the value of an additional 
unit of land in a specific situation with respect to region, land group, 
and other resource costs in reducing production costs.^ These land shadow 
prices represent only the annual Income the farmer can expect to derive 
from agricultural production. Thus, the land shadow price is more closely 
related to the rental value of land. Land shadow prices are presented 
in Table 18), with the average shadow price for the Base being $135 per 
acre. As soil loss declines 20 and 40 percent from the Base (80 and 60 
Percent Soil Loss Level solutions), the land shadow price declines by 
$2 and $6 per acre nationally. The land shadow prices tend to decline 
less for the less erosive lands. Nationally, Land Group V declines from 
$111 per acre in the Base to $93 and $85 per acre in the 80 and 60 
Percent Soil Loss Allowed solutions, respectively. 
In the 40 Percent Soil Loss Level solution, however, the average 
national shadow prices increase $21 per acre from the Base. This increase 
^The shadow prices of land are conditional. They are based upon the 
assumptions made in the model. This price depends upon its value in sub­
stituting for purchased resources in meeting the specified demands and 
other constraints (i.e., soil loss). The prices tend to underestimate 
true land values if ownership of land is beneficial for reasons other than 
those directly related to the value of production. A greater price for 
land could be derived if deferred or lowered Income, property and Inheri-
tence tax, speculative returns, etc., combine to a value greater than 0 
(Short, 1980). 
Table 18; Cost of land by land group and alternative for the eight major zones 
Alternative 
and United Lake Com Delta Northern Southern 
land group States Northeast Southeast States Belt States Plains Plains Pacific 
- - - — - (dollars per acre) 
Base : 
Land Group I 157 183 163 146 182 149 137 127 167 
II 137 178 158 130 182 152 102 101 142 
III 111 175 154 126 168 148 90 95 103 
IV 107 174 148 125 172 152 92 92 104 
V 111 170 132 117 154 154 80 79 94 
Average 135 178 159 132 180 152 102 105 139 
Percent Soil Loss Level: 
Land Group I 155 182 158 143 180 150 138 124 171 
II 135 175 153 127 178 151 102 101 146 
III 108 169 151 120 159 145 88 94 98 
IV 104 169 143 118 157 149 90 91 102 
V 93 153 121 97 139 122 76 73 74 
Average 133 175 154 129 175 151 101 103 140 
Percent Soil Loss Level: 
Land Group I 151 180 149 138 175 149 137 122 171 
II 132 173 137 123 173 149 101 100 144 
III 105 165 148 113 152 143 87 93 95 
IV 102 164 139 110 145 148 89 89 100 
V 85 142 97 85 107 123 74 70 72 
Average 129 172 141 125 170 149 100 102 139 
Table 18 (continued) 
Alternative 
and United Lake Corn Delta Northern Southern 
land group States Northeast Southeast States Belt States Plains Plains Pacific 
(dollars per acre) 
40 Percent Soil Loss Level: 
Land Group I 176 208 179 164 182 168 178 153 229 
II 156 203 160 150 191 168 173 124 196 
III 133 202 178 144 181 167 116 120 114 
IV 124 199 171 128 164 155 115 110 135 
V 99 187 88 76 93 122 102 87 108 
Average 156 204 168 152 186 165 128 128 184 
n Soil Loss Level : 
Land Group I 395 718 410 359 437 368 368 317 450 
II 356 832 403 321 437 369 293 250 409 
III 308 899 399 323 428 378 267 236 435 
IV 336 920 407 323 460 387 267 236 435 
V 447 1,207 390 319 504 375 249 183 747 
Average 358 847 405 330 438 370 288 261 422 
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Is reflected throughout all of the zones. The price of land in the Com 
Belt, however, only increases $6 per acre with substantial decreases in 
the more erosive land shadow price. 
Land shadow prices increase dramatically when soil loss is forced 
in at the 1977 levels. The national land price more than doubles, going 
from $135 per acre in the Base to $358 per acre in the 1977 Soil Loss 
Level solution. The more erosive the land, the higher the cost of that 
1 
land. A 250 percent Increase from the Base is reflected for Land Group 
I with further percentage increases of 260, 280, 310, and 400 for Land 
Groups II, III, IV, and V, respectively. 
In summary, as soil loss declines, initially the shadow price of 
land declines. This reflects the movement of more intensive production 
on the less erosive land groups and the increase in use of soil conserv­
ing practices. These changes in soil conserving practices result in 
Increased yields. This releases land and, thus, decreases the marginal 
cost of land. In the 40 Percent Soil Loss Level solution, however, 
this is no longer possible. Terraces are required on 57 million acres 
(an Increase from the Base of 43.64 million acres) and commodities pro­
duced on land with reduced tillage practices require 198 million acres 
in the unconstrained optimal solution (Base) to 240 million acres in 
the 40 Percent Soil Loss Level solution. These have the Impact of 
dramatically increasing the land shadow price. 
^This is due to the way the shadow price is determined. Due to the 
soil loss restraint, more pressure is placed on the erosive land than 
the other land types. In this case, the land shadow price reflects the 
ability of land to produce both commodities and soil loss. 
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CHAPTER IV. NATIONAL AND REGIONAL IMPACTS ON RESOURCE 
USE AND AGRICULTURAL RETURNS RESULTING 
I 
FROM CHANGING LEVELS OF SOIL LOSS 
Numerous resources are used in the production of agricultural 
commodities. Besides land and soil mentioned in the previous chapter, 
some of these resources include fertilizers, pesticides, energy, water, 
and machinery. These resources then combine to produce the demanded 
commodities. Resource use, commodity production, and regional impacts 
are examined in this chapter. 
Resource Use 
Policies which might force reductions in soil loss or the lack of 
policy which results in continuing the present level of soil loss can 
have various impacts on resource use. The impacts on land use and the 
rotational, conservation and tillage practices have been examined in 
Chapter III. This section continues to examine resource use. Specifi­
cally, this section analyzes the results of changing levels of soil 
loss on fertilizer, pesticide, water, and energy^ use. 
Nitrogen use 
Nitrogen is supplied through three sources — commercial, livestock, 
and rotation incorporating a legume crop. Livestock supplies 2.8 
million tons of nitrogen for exogenous and endogenous crop use. This 
^Energy use is not endogenous to the model. It is determined 
exogenously from the various solutions. 
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is a fixed quantity throughout the alternatives and is consumed before 
nitrogen is purchased (Table 19). In the Base solution, 7,396 thousand 
tons of nitrogen are purchased and 1,859 thousand tons are supplied 
through the rotations. As soil loss declines, commercial nitrogen use 
declines and nitrogen supplied from legumes increases. However, if 
soil loss is not allowed to decline past the 1977 levels, the reverse is 
true. With present soil loss levels forced into the model, an increase 
in commercially applied nitrogen of 4.6 percent of the Base solutions 
occurs. Rotation sources of nitrogen declines 6.8 percent from the Base 
in this same solution. 
Other costs of production 
Other costs incurred when producing crops Include machinery, labor, 
pesticides, fertilizer, and other costs. The model suggests that to 
meet demands in an optimal fashion, U.S. agriculture expenditures (in 
1975 dollars) for endogenous commodity production (including the shadow 
costs for land and water) would require $83.1 billion to meet the 2030 
projected levels of demand (Table 20). Over all crops, these costs of 
production increase as allowed soil loss is reduced or increased from 
the Base solution. 
A 15 percent increase in production costs Is incurred when soil 
loss is reduced 60 percent from the Base (40 Percent Soil Loss Level). 
At each level of soil reduction, cotton, oats, silage, soybeans, and 
wheat show increases in production costs. The other commodities are 
not as consistent. In the 60 Percent Soil Loss Level solution, barley. 
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Table 19. Nitrogen use^ by source of supply for the Base and the change 
from the Base by alternative 
1977 
Soil loss constrained at; Soil loss 
Base 80 60 40 level 
(thousand 
tons) 
- - -(percentage change from the Base) — — — — 
Commercial 7,396 —0.3 —0.6 -0.4 4.6 
Livestock 2,781 0.0 0.0 0.0 0.0 
Rotation 1,859 0.5 Nst 1.9 —6.8 
Total 13,036 -0.4 -0.4 NS 1.8 
^Includes estimated nitrogen used by projected exogenous crops as 
well as that required by the endogenous crops. Nitrogen required by 
exogenous crops is supplied by commercial and/or livestock supplies. 
^NS indicates that the change was not significant. It was less 
than 0.1 percent. 
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Table 20. Total endogenous crop costs by crop for each alternative^ 
1977 
Soil loss constrained at; Soil loss 
Crop Base 80 60 40 level 
Barley 1,922.8 1,924.0 1,914.1 2,300.4 5,138.1 
Com 20,085.3 19,876.8 19,421.2 20,628.9 36.474.4 
Cotton 3,367.5 3,483.0 3,535.2 3,967.9 5,254.6 
Legume hay 6,690.2 7,036.3 6,982.6 7,738.0 14,252.2 
Oats 2,856.9 2,875.6 2,897.0 3,307.7 5,738.9 
Silage 1,731.0 1,763.7 1,795.6 1,927.5 4,572.0 
Sorghum 5,370.4 5,484.5 5,363.2 6,355.1 9,714.9 
Soybeans 22,807.7 23,859.9 24,632.3 28,601.5 43,011.4 
Wheat 16,754.2 16,953.0 17,038.5 19,620.1 33,516.7 
Total^ 83,077.7 84,740.9 85,106.0 95,856.9 159,774.0 
^Total cost does not sum as not all of the crops are shown above. 
^Includes endogenously solved land, water, and nitrogen costs. 
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corn, and sorghum actually show reductions in production costs from the 
Base. This is primarily due to a shifting in location of production 
and production practices. 
When allowed soil loss is increased to the 1977 level, costs of 
production increase 92 percent to $159.8 billion. This Increase is re­
flected primarily in the shadow cost of land, although the costs of 
other inputs also increase. 
As allowed soil loss changes from the Base, the costs of all inputs 
(excluding land and water), except the other category, increase. Pesti­
cides increase the most, when compared to the Base, with a 47 percent 
increase in the 40 Percent Soil Loss Level solution (Table 21). This 
increase in pesticide use reflects the change in tillage practices 
previously mentioned. Machinery costs do not decrease as would be ex­
pected with the change in tillage practices. Rather, they increase 
slightly. This is a result of the change in conservation practices^ 
and the increase in land under irrigation. 
Water use 
Both withdrawal and consumption increase as the allowed soil loss 
changes. The 80 and 60 Percent Soil Loss Level solutions indicate very 
little change in water use (Table 22). The 40 Percent Soil Loss Level 
and the 1977 Soil Loss Limit solutions, however, indicate a larger 
impact in water consumed with an increase from the Base solution of 7.2 
^As mentioned in Chapter II, the costs of machinery are adjusted by 
timing factors as estimated by the Soil Conservation Service. If a 
combination of conservation and tillage practices is estimated to take 
more time than straight row-residue removed in the fall, machinery costs 
are increased. 
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Table 21. Cost of production^ by expenditure item for each of the 
alternatives 
1977 
Expenditure Soil loss constrained at; Soil loss 
item Base 80 60 40 level 
(millions of dollars) 
Machinery 8,904.5 8,916.7 9,011.6 9,167.1 9,196.9 
Labor 2,479.8 2,484.6 2,508.9 2,543.0 2,629.3 
Pesticide 11,761.5 14,107.7 16,487.0 17,285.4 13,495.5 
All fertilizers^ 8,485.5 8,492.9 8,493.2 8,624.2 8,711.7 
Other 5,203.6 5,195.8 5,198.2 5,229.1 5,254.9 
Total 36,838.9 39,197.7 41,698.3 42,848.8 39,288.3 
(percentage change from 
Machinery 0.00 0.1 1.2 2.9 3.2 
Labor 0.00 0.2 1.2 2.5 6.0 
Pesticide 0.00 19.9 40.2 47.0 14.7/ 
All fertilizers 0.00 NS* 1.6 2.6 
Other 0.00 -0.1 —0.1 0.5 1.0 
Total 0.00 6.4 13.2 16.3 6.6 
^Excludes costs for land and water. 
Includes nitrogen, phosphorous, and potassium. 
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Table 22. Total water withdrawn and water consumed and average cost for 
the endogenous crops for the Base and percentage change for 
its alternatives 
Soil loss constrained at: 
Item Base 80 60 40 
1977 
Soil loss 
level 
Consumed 
Withdrawn 
(thousand 
acre-feet) 
44,104 
70,614 
-(percentage change from the Base^ 
Average cost $12.72 
0.4 
0.4 
NS 
0.6 
0.6 
-0.9 
7.2 
9.4 
12.3 
9.6 
13.5 
51.7 
Weighted marginal cost for the last acre-foot of water consumed 
in each producing area in dollars per acre-foot. 
b 
Less than .1 percent. 
J 
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and 9.6 percent, respectively. The shadow price of water in these two 
solutions increase 12.3 and 51.7 percent from the Base. 
Energy use 
While energy coefficients are not an integral part of the CARD-RCÂ 
model,^ the quantity of energy used can be summarized exogenously by 
using the solution and an energy data base developed by Dvoskin, Heady, 
and English (1978). 
2 
In the Base solution, 734.4 trillion BTUs are required to meet the 
endogenous 2030 crop demands with 84 percent occurring on dryland produc­
tion practices (Table 23). As allowed soil loss is reduced to 80 per­
cent of the Base, the energy required declines by 1 percent to 728.3 
trillion BTUs. When allowed soil loss declines to 60 and 40 percent 
the Base, energy use increases 0.4 and 1.8 percent. When the 1977 levels 
of erosion are forced into the solution, energy use increases by 6.2 
percent. 
The per acre quantity of diesel fuel used in the production of the 
endogenous crops declines as allowed soil loss decreases. In the Base, 
an average of 11.41 gallons of diesel per acre is needed; however, in 
the 40 Percent Soil Loss Level solution, 10.92 gallons per acre is re­
quired for crop production. As allowed soil loss increases from the Base 
to 1977 levels, the diesel requirements increase to 11.87 gallons per 
acre. 
They have been in other models such as those constructed by Dvoskin 
and Heady (1976) and Dvoskin, Heady, and English (1978). 
2 
British Thermal Units. 
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As the land under irrigation increases,^ an increase in the quanti­
ties of naéural gas and electricity is projected. Whereas in the Base, 
131.7 cubic feet of natural gas and 30.38 kwh per acre are required to 
meet demands, when soil loss is reduced 60 percent from the Base, 138.9 
cubic feet and 31.97 kwh per acre of natural gas and electricity, respec­
tively, are needed. 
Crop Yields 
As reflected through Dyke and Hagen's work (see Chapter II), yields 
are a function of the quantity of soil loss. In the Base, much of the 
gain in productivity due to soil conservation is already reflected. As 
reflected in Chapter III, a large amount of land is already in rotations 
containing both row crops and small grains and/or hay. In addition, more 
than 45 percent of the endogenously cropped land is already in reduced 
tillage practices. The changes in crop yields reflect changes in the area 
of production, in the production practices, and in the land groups used 
for production of that crop. 
The Base 2030 average national yields and the percentage change from 
the Base for each of the alternatives are shown in Table 24. The crop 
yields increase slightly from the Base for most crops as soil loss is 
reduced. In the 40 Percent Soil Loss Level solution, barley, legume 
1 
This occurs as previously mentioned as allowed soil loss declines. 
2 
Kilowatt hours. 
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Table 24. Crop yields for the Base and percentage change for each 
of the alternatives 
1977 
Major Soil loss constraints at; Soil loss 
crop Unit Base .80 60 40 level 
(unit/acre) (percentage change from the Base) 
Barley bushel 57.64 0.1 1.3 -3.7 19.4 
Com bushel 143.67 NS* 0.2 NS* -4.5 
Cotton bale 1.42 NS NS 1.4 7.7 
Legume hay ton 3.85 0.3 0.3 -1.6 1.0 
Oats bushel 68.39 NS NS 3.1 6.3 
Silage ton 15.39 -0.1 -0.1 6.6 -0.6 
Sorghum bushel 67.01 0.1 0.2 1.8 -11.2 
Soybeans bushel 44.50 NS 0.2 -0.5 4.2 
Wheat bushel 42.26 0.8 0.6 1.9 -1.3 
®NS indicates that there is less than a 0.1 percent change from 
the Base. 
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hay, and soybeans show decreases from the Base solution. This is a 
result of these crops being produced on more erosive lands (see Table 17, 
Chapter III). In the 1977 Soil Loss Limit solution, however, yields 
decline for com, silage, sorghum, and wheat. These declines reflect 
the impacts of soil loss on productivity and the change in land groups 
on which these crops are produced. 
Regional Production 
Another important aspect of national soil loss policies could be 
the impacts that these policies have on different regions. "Regional 
comparative advantage" normally refers to advantages or disadvantages 
in production or trade which can be attributed to a specific region of 
the nation. It does not reflect changes in the relative comparative 
advantage (disadvantage) that occurs as a result of a national policy. 
For this reason, this report adopts the term "regional policy advantage 
(disadvantage)" so that relative gains or losses that occur as a result of 
federal policy can be reflected. Thus, while a region has a comparative 
advantage, a national policy action can result in a regional policy 
disadvantage to that same region (English and Heady, 1980). To analyze 
the regional impacts of the various policies examined, regional produc­
tion and crop shadow prices are analyzed for feed grains,^ wheat, and 
oilmeals. 
Feed grain production 
To feed livestock and to meet exports and domestic demands, 339,672 
thousand tons of feed grains are required in each of the alternatives 
Feed grains include the crops: barley, com, oats, and sorghum. 
\ 
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analyzed. In the Base, the Com Belt has a 51.8 percent share of 
national production with the Lake States contributing 23.8 percent of 
•I 
total production in the Base solution (Table 25). 
As allowed soil loss declines, the Com Belt Is the only region 
that loses a portion of national production. The other zones either 
maintain or increase their contribution of national feed grain produc­
tion. In the 60 Percent Soil Loss Level solution, feed grain production 
shifts out of the Com Belt to the Lake States, Southeast, Delta States, 
and the Northern Plains. When allowed soil loss is reduced to 40 per­
cent of the Base, the Lake States loses its gain when compared to the 
60 Percent Soil Loss Level solution. Attempting to maintain the 1977 
soil loss levels results in the Belt losing a portion of its share of 
production (down from 51.8 percent to 50.5 percent of total production). 
The Lake States and Nortem Plains gain in their shares of national 
feed grain production. 
The regional feed grain shadow prices indicate a region's compara­
tive advantage or disadvantage in the production of feed grains. The 
Lake States and the Com Belt are the only two regions that have a 
regional comparative advantage (Table 26). This pattern persists 
throughout all of the alternatives. 
The national feed grain price for the Base, 80, 60, and 40 percent 
Soil Loss Level, and the 1977 Soil Loss Limit solutions is 81.19, 81.47, 
81.39, 96.03, and 151.53 dollars per ton, respectively. Thus, changing 
allowed soil loss levels Increases the feed grain shadow price. The 
60 Percent Soil Loss Level solution, however, has a lower price than the 
115 
Table 25. Feed grain production shares by major zone for each alterna­
tive 
1977 
Soil loss constrained at; Soil loss 
Base 80 60 40 limit 
(percent of total production) 
Northeast 2.5 2.5 2.5 2.7 2.6 
Southeast 4.0 4.0 4.1 4.1 4.2 
Lake States 23.8 24.2 24.3 23.8 24.5 
Com Belt 51.8 51.3 51.0 51.0 50.5 
Delta States 0.6 0.6 0.7 1.1 0.6 
Northern Plains 12.8 12.8 12.9 12.8 13.1 
Southern Plains 3.7 3.7 3.7 3.8 3.7 
Pacific 0.8 0.8 0.8 0.8 0.8 
Major 
zone 
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Table 26. Feed grain shadow price by major zone for each alternative 
1977 
Major Soil loss constrained at; Soil loss 
zone Base 80 60 40 level 
(dollars per ton)- -
Northeast 99 .71 98, .90 98. 83 111. 29 169. 79 
Southeast 103 .96 103. 90 103. 79 123. 17 207. 05 
Lake States 75 .61 75. 60 75. 56 91. 72 144. 38 
Com Belt 70 .36 70, .50 70. 36 81. 61 127. 41 
Delta States 114 .06 113. 19 106. 82 112. 30 218. 05 
Northern Plains 104 .17 104, .95 104. 62 122. 75 198. 20 
Southern Plains 132 .68 133. 98 133. 30 166. 40 248. 19 
Pacific 104 .47 146. ,30 145. 27 172, ,09 282. 87 
United States 91 .19 81. 47 81. 39 96. 03 151. 53 
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80 Percent Soil Loss Level solution. This is a result of shifting pro­
duction on the various land groups. As exhibited in Chapter III, com 
and sorghum production increases on Land Groups I and II in the 60 Per­
cent Soil Loss Level solution when compared to the 80 Percent Soil Loss 
Level solution. This shift results in cheaper feed grains at the expense 
of other endogenous commodities. 
Table 27 provides a means for comparing regional competitiveness 
under alternative soil loss allowances. As previously mentioned, the 
Corn Belt and the Lake States have a comparative advantage over other 
regions as Indicated fay the 115.4 and 107.4, respectively. As allowed 
soil loss declines 20 and 40 percent from the Base, the Northeast, 
Southeast, Lake States, Com Belt, and Delta States show a regional policy 
advantage in the production of feed grains while the Northern Plains, 
Southern Plains and Pacific zones incur a regional policy disadvantage. 
When soil loss is reduced by 60 percent of the Base solution, the North­
east and Delta States show the largest gain in the regional policy 
advantage, with the Com Belt and Northem Plains gaining slightly. 
In the 1977 Soil Loss Limit solution, the Com Belt and the 
Northeast are the only regions that gain a regional policy advantage 
from maintaining soil loss at the present level. This seems to contra­
dict the past discussion on the share of production. It can be recalled 
that the Corn Belt's share of feed grain production declined. This 
occurred because other regions could not shift com out of their region 
and still meet the soil loss constraint and the least cost criteria 
reflected in the objective function. 
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Table 27. Feed grain's^t^eglonal policy advantage^ by zone for each 
alternative 
Major 
zone Base 
Soil loss constrained at; 
80 60 40 
1977 
Soil loss 
levels 
(percent) — — — (percentage change from Base)- -
Northeast 81.4^ 1.16^ 1.06 5.97 9.61 
Southeast 78.1 0.40 0.33 -0.16 -6.29 
Lake States 107.4 0.36 0.23 -2.50 -2.26 
Com Belt 115.4 0.13 0.16 1.97 3.06 
Delta States 71.2 1.11 6.96 20.14 -2.37 
Northern Plains 77.9 -0.41 -0.26 0.37 -1.91 
Southern Plains 61.2 —0.63 —0.30 -5.69 -0.22 
Pacific 57.8 -3.65 -3.14 -3.45 -7.32 
^eed grains consist of barley, com, oats, and sorghum. 
^Regional policy advantage (disadvantage) Is a term used indicating 
gains (losses) due to a policy change. 
percentage term that Indicates comparative, advantage or dis­
advantage. A number greater than 100 Indicates an advantage. 
^Percentage change from the Base where a positive term Indicates 
regional policy advantage. 
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Wheat production 
Nearly 3,593 million bushels of wheat are produced for all of the 
alternatives examined. In the Base solution, 3.1, 15.8, 6.7, 8.3, 7.8, 
17.9, 26.5, and 13.9 percent of the 3,593 million bushels is produced in 
the Northeast, Southeast, Lake States, Com Belt, Delta States, Northern 
Plains, Southern Plains, and Pacific zones, respectively (Table 28). 
As is reflected by these wheat production shares, in the Base run, the 
Southeast, Northern Plains, and Southern Plains produced over 60 percent 
of the wheat demand. As allowed soil loss is reduced 60 percent of the 
Base, these three regions lose some of the production shares to the Lake 
States and the Corn Belt (6.0 and 49.4 percent Increase in their respec­
tive wheat production shares). When allowed soil loss is increased to 
the estimated 1977 levels, wheat production In the Southeast, Northern 
Plains, and Southern Plains changes only slightly. The Com Belt, how­
ever, Increases its share at the expense of the Lake States. 
The average U.S. wheat shadow price Is $4.29 per bushel In the Base 
(Table 29). It Increases to $8.65 per bushel when soil loss is set at 
the present level and to $5.24 per bushel when soil loss is decreased by 
60 percent of the Base levels. As with the feed grains, movement from 
the 80 Percent Soil Loss Level solution to the 60 Percent Soil Loss 
Level results in a decrease in the wheat shadow price. These shadow 
prices Indicate, as do the feed grains, that as allowed soil loss 
declines from a national quantity of 1.2 billion tons (as reflected in 
the Base) the cost of food and fiber will increase. This increase, how­
ever, is not as large as the Increase that occurs when present soil 
loss levels are maintained. 
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Table 28. Wheat production shares by major zone for each alternative 
1977 
Major Soil loss constrained at; Soil loss 
zone Base 80 60 40 levels 
(percent of total production) 
Northeast 3.1 3.1 3.1 3.1 3.1 
Southeast 15.8 15.6 15.0 13.0 14.8 
Lake States 6.7 6.6 7.3 7.1 3.6 
Corn Belt 8.3 8.7 9.2 12.4 11.5 
Delta States 7.8 7.8 7.9 7.3 7.7 
Northern Plains 17.9 17.7 17.6 17.9 19.3 
Southern Plains 26.5 26.6 26.2 25.4 25.8 
Pacific 13.9 13.9 13.8 13.9 14.2 
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Table 29* Wheat shadow price by major zone for each alternative 
1977 
Major Soil loss constrained at; Soil loss 
zone Base 80 ,60 40 levels' 
(dollars per bushel) 
Northeast 4.82 4.82 4.82 5.59 9.19 
Southeast 4.24 4.25 4.25 5.06 8.57 
Lake States 4.78 4.80 4.79 5.65 10.05 
Corn Belt 4.50 4.51 4.50 5.20 8.80 
Delta States 4.34 4.37 4.37 5.18 8.69 
Northern Plains 3.92 5.31 4.98 5.42 8.32 
Southern Plains 4.35 4.37 4.37 5.20 8.73 
Pacific 4.26 4.29 4.28 5.09 8.50 
United States 4.29 4.56 4.50 5.24 8.65 
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The Southeast, Northern Plains, and the Pacific zones all show a 
slight coiiq)etitive advantage (Table 30). The Northern Plains, as a 
result of declining levels of soil loss, loses its comparative advantage. 
The wheat shadow prices in this region are below the national average 
in the Base and are greater than that average when soil is reduced. 
Thus> all regions but the Northern Plains receive a regional policy 
advantage with respect to the production of wheat. As reflected in 
regional shares of wheat production and in the rotational changes 
expounded upon the Chapter III, wheat shifts out of the Northern Plains 
so that the other regions can meet their reduced soil loss levels. 
Oilmeai production 
Almost 2,013 billion cwt's of oilmeals or almost 4 billion bushels 
of soybeans are produced with the Lake States, Corn Belt and Northern 
Plains producing over 65 percent of total production (Table 31). As 
allowed soil loss declines as reflected in the 40 Percent Soil Loss 
Level solution, regional oilmeai production shares decline for all 
regions except the Southeast, Northern Plains, and Southern Plains. 
When allowed soil loss increases from the Base, the Lake States and 
Southern Plains show significant gains with the Southeast and Delta 
States receiving modest gains in their shares of national production.' 
The Base shadow price for a hundred weight (cwt) of oilmeals is 
$10.09 (Table 32). This average national price does not significantly 
change for the 80 and 60 Percent Soil Loss Level solutions. An increase 
of $2.06 per cwt is projected in the 40 Percent Soil Loss Level solution. 
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Table 30. Wheat 
tive 
's regional policy advantage by zone for each alterna-
Major Soil loss constrained at: 
1977 
Soil loss 
zone Base 80 60 40 levels 
(percent) - — -(percentage change from Base- - - -
Northeast 89.1 6.10 4.71 5.21 5.68 
Southeast 101.2 6.2 4.79 2.34 -0.18 
Lake States 89.7 5.79 4.76 3.37 -4.03 
Com Belt 95.4 6.14 4.90 5.75 3.10 
Delta States 98.8 5.58 4.19 2.45 0.77 
Northern Plains 109.4 -21.56 -17.35 -11.69 -4.93 
Southern Plains 98.7 ' 5.62 4.33 2.23 0.41 
Pacific 100.8 5.51 4.19 2.10 0.93 
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Table 31. Ollneal production shares by major zone for each alterna­
tive 
Soil loss constrained at: 
1977 
Soil loss 
zone Base 80 60 40 level: 
Northeast 1.7 1.6 1.6 1.5 1.4 
Southeast 2.1 2.3 2.5 3.5 2.3 
Lake States 24.9 24.6 23.9 23.8 26.6 
Com Belt 20.5 20.7 20.6 18.0 18.5 
Delta States 15.1 15.2 15.1 14.9 15.2 
Northern Plains 20.8 20.8 21.0 21.9 20.3 
Southern Plains 14.5 14.5 14.9 15.9 15.4 
Pacific 0.3 0.3 0.3 0.3 0.3 
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Table 32. Ollmeal shadow price by major zone for .each alternative 
1977 
Major Soil loss constrained at : Soil loss 
zone Base 80 60 40 levels 
(dollars per hundred weight) 
Northeast 10. 51 10, .59 10, .56 12, 
00 to 
20. 05 
Southeast 10. ,54 10, .58 10, .52 12, .46 20, .41 
Lake States 9. ,86 9, .92 9. ,88 11, .90 19, .38 
Com Belt 10. ,17 10. 19 .10. ,13 12, .21 19, .77 
Delta States 10. ,51 10. ,57 10. ,55 12, .61 20, .26 
Northern Plains 9. 95 10. ,02 9. ,98 12, .02 19, .45 
Southern Plains 10. ,04 10. ,11 10. 07 . 12. ,10 19, .53 
Pacific 11. 01 11. 
00 o
 11. ,04 13, .08 20, .51 
United States 10. 09 10. ,15 10. 11 12. ,15 19. ,66 
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Ifhen the 1977 level of erosion is forced into the solution, oilmeal 
prices increase by $9.50 per cwt. 
Unlike feed grain and wheat, regional oilmeals prices tend to 
move towards the average national price (Table 33). Thus, regions at 
a competitive disadvantage (advantage) in the Base solution receive, 
for the most part, a regional policy advantage (disadvantage) as a result 
of declining levels of allowed soil loss. The same is true when national 
soil loss is fixed at 1.8 billion tons. Thus, changing the soil loss 
level from the Base has the effect of reducing the competitive advantage 
for some regions and reducing the competitive disadvantage under which 
other regions operate. 
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Table 33. Ollmeal's regional policy advantage by zone for each alterna­
tive 
1977 
Major Soil loss constrained at; Soil loss 
zone Base 80 60 40 levels 
(percent) - -(percentage change from Base)-
Northeast 96.0 -0.24 -0.27 0.53 2.08 
Southeast 95.7 0.22 0.36 1.87 0.66 
Lake States 102.3 -0.04 0.01 -0.26 -0.89 
Com Belt 99.2 0.38 0.57 0.34 0.22 
Delta States 96.0 -0.12 -0.17 0.34 1.07 
Northern Plains 101.4 -0.12 -0.10 -0.28 -0.27 
Southern Plains 100.5 -0.12 -0.09 -0.12 0.14 
Pacific 91.6 -0.05 -0.07 1.39 4.62 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
Erosion is derived from the Latin word erodere which means "to 
gnaw out" (Owen, 1980). Presently» it is defined as a process which 
detaches rock fragments and soil from the original site and transports 
these particles to a new locality. The means by which this process 
occurs is through wind, water, and glaciers among others. This study 
examines the impacts on the agricultural crop sector of reducing water 
soil erosion through national policy. In addition, it examines the 
impacts that might occur if the present level of erosion continues to 
2030. 
Five solutions for 2030 are examined. The Base is an unconstrained 
soil loss solution and it is compared to the other solutions. Once the 
Base is attained, producing area soil loss is reduced 20, 40, and 60 
percent of the Base levels (80, 60, and 40 Percent Soil Loss Levels 
solutions, respectively). A final solution, one that has the allowed 
level of soil loss fixed at the estimated 1977 level (1977 Soil Loss Limit)^ 
is examined. 
The linear programming model used in the analysis is national in 
nature incorporating 28 market regions and 105 producing areas. Within 
these market regions and producing areas, constraints are defined; thus, 
limiting resource availability and commodity production and specifying 
commodity demands. Activities, which represent the production possi­
bilities, resources available, and resource transfers, define commodity 
production and resource requirements. These activities simulate crop 
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commodity production ând resource requirements through crop rotations, 
soil conservation and tillage practices, water transfer and distribution, 
commodity transportation, and nitrogen supplies. 
Response to Changing Soil Loss Levels 
There are numerous responses to changing levels of allowed soil 
loss available to the agricultural sector. These Include changes in the 
quantity of land under cultivation and the method (dry or irrigated) 
used to grow the commodities, changes in the rotations used, changes in 
the conservation and tillage methods practiced, and changes in land 
groups under which particular crops are grown. 
Total land use declines by 2 million acres as allowed soil loss 
declines. While total land use is decreasing, irrigated land increases 
4.5 million acres. This reflects a change in the western states of 
switching from dryland production to irrigated production. 
Another response available to the farmer is a change in rotations 
practiced. This is achieved through the inclusion of small grains and/ 
or hay into the rotation. Movement from continuous row crop cropping 
patterns occurs. Thus, as soil loss is reduced (increased), continuous 
row cropping declines (increases) when compared to the Base solution. 
Shifts in conservation and tillage practices also occur as allowed 
soil loss changes. In the Base, less than 10 percent of the endogenous 
cropland is farmed under conservation practices other than straight row. 
This increases to nearly 50 percent when soil loss is reduced as reflected 
in the 40 Percent Soil Loss Level solution. There is nearly a 100 fold 
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Increase of contouring on Land Group II In this solution when compared 
to the Base. In addition, when allowed soil loss levels are increased 
to the present level, conservation practices, other than straight row, 
increase 9 million acres. Finally, as soil loss is reduced, movement 
from conventional tillage to reduced tillage occurs. 
All of the endogenous commodities are produced on the five land 
groups. As allowed soil loss levels decline, com and sorghum produc­
tion shifts to Land Group I and small grain production shifts to Land 
Group IV. 
Resource Use and Changing Soil Loss Levels 
The resources analyzed in this report include land, cost of produc­
tion, nitrogen use, pesticide use, water use, and energy use. The levels 
of these resources and the changes reflected above have an impact on the 
crop yields. 
For most crops, as allowed soil loss declines, yields increase 
slightly. However, in the 40 Percent Soil Loss Level solution, barley, 
legume hay, and soybean yields decline as a result of these crops being 
produced on more erosive lands. When soil loss is maintained at the 
present erosion level, yields decline for com, silage, sorghum and 
wheat. 
A land shadow price of $135 per acre occurs in the Base solution. 
As allowed soil loss decreases to 20 and 40 percent of the Base levels, 
the shadow cost of land declines $4 and $6 per acre, respectively, with 
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the cost declining at a lesser rate on the less erosive lands. When 
allowed soil loss declines to 60 percent of the Base, the land shadow 
prices increase $21 per acre. In the Com Belt, however, the increase 
is $6 per acre with substantial decreases being reflected in the more 
erosive lands. This indicates that the erosive lands are being removed 
from production or that they are being used for less valued commodities. 
• •  
As soil loss declines, as reflected in the 80 and 60 Percent Soil 
Loss Level solutions, the shadow price of land declines. These two 
solutions indicate that more intensive production on the less erosive 
land groups and an increasing use of soil conserving practices occurs. 
These changes in soil conserving practices result in increased yields; 
thus, releasing land and decreasing the marginal cost of land. In the 
40 Percent Soil Loss Level solution, however, this is no longer possible. 
Terraces are required on 57 million acres (an increase from the Base of 
43.64 million acres) and commodities produced on land with reduced 
tillage practices require 198 million acres in the unconstrained optimal 
solution (Base) to 240 million acres in the 40 Percent Soil Loss Level 
solution. These, along with an increase in land used to meet demands, 
have the impact of increasing the land shadow price. 
In order to meet the demands specified in the model, $83.1 million 
are required for the purchase of inputs. As allowed soil loss decreases 
or increases, costs of production increase to $95.9 and $157.8 million 
in the 40 Percent Soil Loss Level and 1977 Soil Loss Limit solutions, 
respectively. Commercial nitrogen use declines from the 7,396 thousand 
tons purchased in the Base as the level of soil loss is reduced. 
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Additionally, the nitrogen supplied by legumes increases. While commer­
cial nitrogen use declines, the use of pesticides, water, and energy, 
for the most part. Increases as soil loss is reduced. The.increase in 
pesticides applied is a result of switching from conventional to reduced 
tillage practices. The increase in water and energy use occurs as a 
result of the increase in land under irrigation practices. 
Regional Impacts Resulting from Allowed Soil Loss Changes 
Regional changes resulting from modifications of the allowed levels 
of soil loss including changes in production shares, in shadow price, and 
in regional policy advantage (disadvantage), are examined for feed grains, 
wheat, and ollmeals. These changes indicate the regional impacts that 
occur as a result of a mandatory change in the levels of soil loss. 
The Com Belt produced 51.8 percent of the total feed grains demanded 
with the Lake States contributing 23.8 percent. As soil loss is reduced 
to the levels indicated in the 60 Percent Soil Loss Level solution, 
feed grain production shifts out of the Com Belt and into the Lake 
States,. Southeast, Delta States, and Northern Plains. Ifhen a further 
reduction in soil loss takes place, the Lake States loses its Increase 
In production that occurred in the forementloned solution. When soil 
loss levels are above the unconstrained Base levels, as in the 1977 Soil 
Loss Limit solution, the Northern Plains and Lake States increase their 
share in the production of feed grains at the expense of the Com Belt. 
As might be expected, the Lake States and the Com Belt are the only 
regions that show a regional comparative advantage in feed grain 
production. 
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The national feed grain price for the Base, 80, 60, and 40 Percent 
Soil Loss Level, and 1977 Soil Loss Limit solutions is $81.19, $81.47, 
$81.39, $96.03, and $151.53 per ton, respectively. Changing the allowed 
soil loss levels increases the feed grain shadow price. The 60 Percent 
Soil Loss Level solution, however, has a lower shadow price than the 
80 Percent Soil Loss Level solution. This is a result of shifting pro­
duction on the various land groups. As previously shown, com and sorghum 
production increases on Land Groups I and II in the 60 Percent Soil Loss 
Level solution when compared to the 80 Percent solution. Tliis shift 
results in cheaper feed grains at the expense of other endogenous commod­
ities. 
Over 3,593 million bushels of wheat are produced in all of the 
alternatives examined. In the Base, with a national shadow price of 
$4.29 per bushel, the Southeast, Northern Plains, and Southern Plains 
produce over 60 percent of the wheat. These three regions lose some of 
their production when the allowed soil loss levels are reduced. When 
soil loss is reduced 60 percent of the Base, the Lake States and Com 
Belt's production of wheat increases 6.0 and 49.4 percent when compared, 
to the Base. As allowed soil loss declines, all regions except the 
Northern Plains receive a regional policy advantage. As reflected 
in the regional wheat production shares, and in the changes in rotations 
used as explained in previous chapters, wheat shifts out of the Northern 
Plains so that other regions can meet their reduced soil loss levels. 
The final commodity examined in this report, oilmeals, includes 
oilmeal from soybeans and cottonseed. Nearly 2,013 billion cwts of 
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ollneals are produced with 4 billion bushels of soybeans being produced 
to meet this demand. The Lake States, Com Belt, and Northern Plains 
produce 65 percent of the oilmeals. As soil loss is reduced, as re­
flected in the 40 Percent Soil Loss Level solution, an increase of $2.06 
per cwt, is projected. An increase of $9.50 per cwt occurs when soil 
loss increases to the 1977 soil loss levels. Unlike feed grains and 
wheat, regional oilmeal prices tend to move towards the national price. 
Thus, regions at a competitive disadvantage (advantage) in the Base 
receive a regional policy advantage (disadvantage) as a result of declin­
ing levels of allowed soil loss. (The same occurs when allowed soil 
loss increases from the Base.) This has the effect of reducing the 
competitive advantage for some regions and reducing the competitive 
disadvantage under which other regions operate. 
Implications 
Under the assumptions of the model, the analysis indicates that 
the agricultural sector and society will achieve long run benefits if 
soil loss is reduced from present levels. The Base indicates that the 
present soil loss levels can be reduced to 1.2 billion tons (an annual 
reduction of 600 million tons in soil erosion). . Society will gain from 
decreased food and fiber costs and agriculture will gain in the form of 
less resource use. 
The costs of implementing a program designed to decrease erosion 
from present levels must be borne by society as well as the farmers. 
As Indicated in the long run, production practices that Incorporate 
soil conserving practices will produce a higher yield relative to those 
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that do not. This increase in relative yields is an extremely long term 
phenomena on most lands; while cash flow, investments, and survival in 
the business world are of a shorter term. Thus, while on-farm benefits 
for reducing soil erosion appear likely in the long run, short run forces 
may restrict the farmers' ability to incorporate soil conserving prac­
tices. Societal gains are not measured solely with the on-farm benefits 
but also include those impacts mentioned in the introductory chapter. 
Society, therefore, benefits not only from cheaper food and fiber in 
the long run, but also from a decrease in secondary impacts such as a 
decrease in dredging costs resulting from a decrease in sediment delivered 
to streams and rivers, an Increase in water clarity, a releasing of 
resources that would be required by agriculture if soil levels were 
maintained at the present level, but not at a lower level, etc. 
While not explored in this dissertation, the increase in the costs 
of production and the shadov; prices of land used and commodities pro­
duced would probably be dampened somewhat. Commodity demands would 
decline and additional land (not reflected in the model) would come into 
production. Bringing these lands into production would in all likelihood 
result in less lands in forest, range, and permanent pasture. The re­
maining lands required for grazing would be under additional pressure 
as a result of the increased feed grain price. 
Another impact on policy formation is that as soil loss is reduced, 
the more erosive land leaves agricultural production and is left idle. 
Thus, set-asides, land retirement, or whole farmland retirement schemes 
136 
are likely to reduce soil erosion. Historically, these policy actions 
have encouraged a reduction in marginal lands under production. 
I. 
As soil erosion declines, the trend of shifting from straight row 
to other conservation methods and from conventional tillage to reduced 
tillage practices indicate that a policy that encourages this trend 
would result in significant reductions of soil erosion from agricultural 
land. Possible incentives to attain this trend would include soil 
management taxation, emphasis on education, property or income tax 
rebates, tax credits for the purchase of soil conserving implements, or 
other forms of subsidy. 
Changes in farm practices required to decrease soil erosion call 
for new management skills and in many cases a higher level of capital 
investment. Thus, as indicated by the change in land shadow prices, 
farms with lands susceptible to erosion are likely to be economically 
disadvantaged while farms not subject to high levels of erosion will 
gain through higher Income generation and higher capitalized farm 
values. 
Finally, it must be realized that any national erosion abatement 
program will result in a redistribution of regional incomes. Some 
regions will sustain regional policy disadvantages. This regional 
Impact must be recognized before policy implementation. 
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